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MODULE 1 SYLLABUS

AMPLITUDE MODULATION:

Introduction, Amplitude Modulation: Time & Frequency — Domain description, switching
modulator, Envelop detector

DOUBLE SIDE BAND-SUPPRESSED CARRIER MODULATION:

Time and Frequency — Domain description, Ring modulator, Coherent detection, Costas Receiver,
Quadrature Carrier Multiplexing.

SINGLE SIDE-BAND AND VESTIGIAL SIDEBAND METHODS OF
MODULATION:

SSB Modulation, VSB Modulation, Frequency Translation, Frequency- Division Multiplexing,
Theme Example: VSB Transmission of Analog and Digital Television
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| AMPLI TUDE MODULATION]
INTRODUCTION =

. Message s‘;gnals ave chmpaéﬁbJe for divect “Grangimissien. For
Such a signa), Is Fravel Jonger digtancex, Tk Strengts has 5 be
increqszed bep modula—l-fna With a high Prequenty caryier wave.

Modylation 14 the Process of al—}c‘a'h’)? A0y ene pParameler (Omplitude]

’FTe‘i/ueﬂtylphaze) of the carrier Signal, in accordance with THe

Imstantaneoyus \alues of the Message Stgna) by keepfng Other
Pa¥arnede vz Cf Cavvier Conghank .

F'I'c;urfei_, Shows the general Schemodic Tepreservalion ef modulation
Process. 14 Conpigiz Y 3-dypes ef Aignals o foilews,

Message ' Modul ted
M Q
S?gm] ‘ oclulatoy ] Signod
carriey
Signa)

Figuyed o

Ao Modulakion Pocess
1. Message signo -

~an- 0 JION ¢ The Signad which Containg @ message
Yo be drangmitted, 8 called as message Zignal . I+ K ako
Known ox bage -band &fqral, which has 5 Undergo The P’Tocesﬂs
F modyladion. Hence 7+ 7S alko named oz "Mmleg/lsis‘w? m
Ma’rhemaﬁ’comy, it B8 deroled by mt).

Ext mit)= Ay COSAAF

where, A= Amplitude ef message Signal v Vels.
fey = Trequeny of message &Zignal,. T Hz.

*% T frequeny domatn the Spedvum ef mct) 18 denoted
by M(P), The spechium 18 baadlimited B & Hz.

M(£) eldhere |W= F
i e [

M(o) = Amplitude =f M(£) of-

5. {-’vecwenud[ =0}
i Zprequenty
N A 0 W 4+
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o C%Tm " Tk Ts o high Frequenwy Zignal, used & P
Carvyy the Bignal L8 Ahe receiver Ofier medulation. -
Mathernatically 14+ & denoted b‘d C(d).

Exi ca)= A cos@npt+ $.) ; TR 3-parameters ave
Ae = Amp\?hde of CavTier r‘SignaJ N Vel
fo= Frequeay ep carrier Sigml in Hz
$.= phaze op Cavriey Aignal. in degrees ,
L DEPﬁho]?"n? onthe alexng paramelks of Cavrier Bignal,thew
ave 3-dypes of Modulqﬁoq_:k‘chn?q(ue,g ’namehg.
;> ﬁ\\'ppmde M{ﬁgﬂ p ﬁmpli:}ude of Cavvier iR altered,

ANGLE '['D angy »@mn * Frequenyy of Carvier (& diteved,
MobULaTIoN] -
i Phose W: phage of Corwler 18 aHered,

S Hodyaled Slgnalie-
7 The Tesultunt signa) aPker The process of-

Modulation is called % * Modulaled ignal”. Thiz Signa) Corsisk
of “"Odula\l—fng 573nod and Caryier Aignal .
Maﬁ‘\ewhmll_y t+ 18 denoted bn{ S+).

EXample “the Amplitude modulated Eigna) 8y any mt) 18 Fven by
S = A [ 1+ k,mu)) Cos (2a4,t)

Where, Ka= Ampidude OeRIHVITY parameter ( Dissec:;jgbg:f ) New

Note: . In g module %em and qud dm
analygiz 15 digcussed
FMWW ! It ig a-echnigue Uled 15 Convert
Hme domain Aignal J5 Fregyeny domaiy) A7gna) .
EXT Le,  mu) =BT 5 M(p)
st) =T s(p)
¥ Graphia) Tepreseatodion of M(R)®SCPR) is called oz’ Spechun.

% Frequeny Kpedrum Gives the delails f frezuenu) GoRonent .
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kTable 1 Fives thre Feesier —+HrandFor nodion of Pew Arandord =
—Hme domatn &ignalk, which are vepeadedly -Lsed nhig redule.

: I . ; ' : F requenuy
Time Domain &ignal Fouvier Transformation
4 (F-T) AN,
P X ()
A )= Ao cos &7'(-}:1’ XC'F)‘—'%[S‘(‘?‘FQ)+SCF+F§ ;rl-"f . '}\_ - AEO
taned ImQJL'__JBC Irmpu —“FO 7% ;tF
Any General (estne §ign £=F, r__‘_"_-*F L> Spedium of x(t)
Wit amplitude A, and °| corgigg % o

* §(f-84) and § (Ft+fa) | impuke Signalk ok~

-Freciluen'c‘ﬁl'{?, te %)
0. Gave ~Impulse™ 3iandly Frequencies f=f,
AN

aﬂd 'Fz"'Fc Wit
€q-ua) amplitudes
Ag,
Q
AM (F)
@ /
M), CoSanE, 4~ -&f-[m(?-?o)ﬁ—m(r%ﬂ / \. S
it | W 0 P
Produt: Pt n"_“"wﬂ
. spec -~
Anj m(+)021:¢’nf‘r'§ (eSine 5’3"“‘, MGP) —oP n?(u:)) :J:own A
. ? Ryt
Hav&ﬁ% fr equenty e'Fo- C”enkfe%ﬁagquo ® | ;
¥ MP-Fo) =5 Mp) op- S
ct?mgmuag r f/é'r\.%’e
* M (Ptg,)- =0 e B p 6 g
LS M®) o [2W =4
Cenkr#ﬂ@vwmg
Fz“?o

Table 4
NN

*l\dwnlrageg of Moduladion
ONANANANAN AANANNAAN ‘ ‘

—Admnﬁge(s of ana- modulatien process o (emmuni (adien
Systems are 08 Follows -

1. Reducestre height of-Anmitnna

2. Avoidg mixing of Rignald

3. Allowr Mulliplexing v} signalg

4. Alowd Adjustmenk of Rardwidth

S Incresses the tange of (rmunicbion

6. Improves Quality of Reception.




Q. Amplitude Medulabion: (a-m)
NNANANNNNS

NANN
Deffnibiont I+ 18 o process of alferiog the amplitude of.
" Caryiew fé‘icdnql N (lccoro‘ance' wids e TRiantanecur Values of-
rhessage RKignal ]D_*j Keefﬁ?na frequenty ond phage of Carrier
&ignal Cordtant -

L In Geneval AM STgnal ,Slandaxd equadion & Given by

stt)= A1+ K mit)] cosamdt | — *

TCOL: AmplTJmc\e <$erv%?ﬁv|"l:f .qume}e'g
m(t) = Message 5:%7‘\00

Ac= Ampltude of Carsley Algra)

.= Frequeay of carvier $ignal .

«N&T\e: *Tn Amplidude mModuletion, Information present 7 The
message signal mM(t), regideg only M e amplifude
of Sit).
 Meiledon Indu s (H)

B i fhe, produtt of amplitude Sensihvity pavameRy
pund tre Maxtmum Value of message Bigna)

ie., P:Kafmtt)lqu No unilg @ﬂ*zK“‘A”‘T

Ka= Amplitude Sensitivity

|m(+)lm;-;— Maximum Velue @) Ampliiude 4 mit),

L he Moaximum Value 9 Moduledien Inelel{, = 1%

L If >4 ) the Carrer wave betwomes over modulated.
Ly 1f <1, tke Qrrer Wave betomes Uader Modulated

L If L=l , The Qarvier Wave bewr{}e& c:_ﬂﬁ@ﬂl:f Modu dovkd

® Ta AM, the Carrier :\Cfe%umgj,n £ o !' 5 Im= Frequeny egmed)




=
“ ls F (l' eo. ) -SQ QJ:

&> Degfne Amplidude Modulation. obiain e expression for AM

3 bbt both 4¢rme dormain and ?f&?fuemg a[pma‘m Yepre Sentahion With
= necessasy Waveformg.

= Amplitade Medulation -

DY - FF 72 a procCess ef GJHeﬁng Hre Aampiiude o Corvier §ignal
fo occordance with fhe giangancous Values o) message A
bif keep%‘% Frequency and phase p Carrier Rignal Corslant-.

TS ion Fx At Aigna) -

s TRe m&tandaneouz Value of e ssage 673@ iz given by

M) = Ap s@Af) — ()

Where, A= Amplitude of message &ignal.
fn=> frequenty @ Bandwidlh o message Kignal .
+ The fnglandaneour Value % Cavtiey Afgra) f5 given by
CH) = Ac Cos@wﬁcqp)

wheve,

o {2
AC:_> AmpItiude % Cavrviey Kignal ,

ﬁc = Ffeq,uen(g eji Carrier ﬂ?%nq] ,

¢« Ide kinow that the Slendard eguabon of AM Rigna) 15
Fven by,

se)= A, [1+K m@) cospar b

—3)
wherve, L(&—- Ampl :Q-ucle gem\lﬂv'lfy PQTHme;}ea"

Subsfituls mit) = Ay, COSAFLt  Fn Cquation (3)
St = Ac L1+ Ko Am (03 (7 F 1) | cos@anpt)
st4) = A.[1+ [ cos (@nfint) | CoS QRRH) g,




Where o= oA A= Mod uledivn Tadex for AM-signad
S@) = [Ae + MAcCosanft) Cos amfat
S = AcCosanft + pAc cosanf t. Casanf,

We krow thad, Coc- CosB = L [0as(a-B) +eos (416

USH) = A Cos (@Rfd) + HAC (e & (f-fm) b
cQ !

M 05 a7 0ty

S = Accosanfd + KAC o g (Fe—fw)d + MAc Cosan (2+8.) 1.
€4 ~ K] Y
Carzies LS® use

H —6)
EYuadion (5) gives The Simplipied expression § AM- Kignal.

I+ Consislz of hyee -Freq,uenu(f Componenig

. Fc -—> Carrier Fv‘e%uemu:f Witz ampl.’)qa‘e <R; , which
does ot Containg a0y message Kignal

* fo-Fy—> Lowes Side band ( LsB) wits; amplidude %L
« o+ 55— Upper Kide band (Leg) Wity amplifude KA
R

'f?xl(‘rng Fourier ‘%_an&}ba’moxhon On both Ktdex of €quakon &),
INe gef—

S(f) = %E[S(ﬁ'—ﬁc)-f 5'(?+{’cﬂ <+ N

L*A;_‘F [ §CF-(Pebry) + & (P4 Fe—Fm)) | +

l’-'-}‘ [8(P- (Retfm)) + S (B + (Pe+6n))]
Equedien (6) gives the fouries trane form of Std), —@©




3
Figure 4Gy how’ fhe Spedrum of message Aigra) mid). and
Figue 1 Ashwg R Apethum) 0 AM Nave Sb).

AM(E)
" /%m\
. . > Frequenty
= % i (F)
' (@)
ASH)
Ac Ac
A SRS R 5
——————— e Llower B s.%g ie;ml (Usse)
Side band <
LS )
R A 0 febn £ [N >f7?3“°"‘ﬂ
(b)

i | Aignal .
FICE - @spedum o muy () speunim st Am £ign
Figuze ., shows b —Hme domaim dignal WavePormz.

_‘FTH(:D

&

eyt e m) = Amosaabn b
A &= Message A7g neJ
m

>time

(+)

N

é— AN\-ZTW

> time
(t)

= % :
,——l——;— il R
' :

e |
_Rignal &) fur ML
Figuxa: ey vessage sign X0 @ AGTRE SR




t Trangmission Bandwidh ep AV Signal - (B,)

ANNNANNATN ANNAA ~UAANN

The clippevence between wpper (‘STCJF band ond Lower &ide band
Frequen cfer I8 called transmission Rand width.

ie, By=Ff —F% pa AM Bigna
°T  “uep “lsp 'Fse,: PP & Ftsg: Pep
BT = ﬁc'i' ‘?m— ("?C" Frn)

&T = FQ—""F’m— FC_ -"_?m-)

Py
Band widts veqiiived Por the Fransmission . AM-Wave fg
TWIcE lhe rznodulodﬁng Prequency.

" Todulndien Tackx, ond perceniage Modulation Todex -

TRe vodio of mesgo%e Stgnal owoplidude 5 al ¢ “Unmedulafed

Caryles Aigna) ara)pl?:trucfe 8 Called ™ Modulaﬁon.l‘ng)gx”.
e prodyy & amplitude Mﬁwq pazameler ‘and Amplitude v}
Message  Zignol K caled * Modulaken Tndex’

L-e, Modu ledion Trdex , },L: ﬁ"‘ K= kqlfm“))lqu kO\Am
. ' c . ' 2

Pevtendage 3" ModulaHon Tndex 7S

7T [ e
[FF7AI|® [ bt

Ls. If Am & 97&&& than Ac » Moduled os todex lJ» becomes CjTeakJ
TWan 1 then Distorkios I8 Intoducted Sots The EUSGM.

L> For proper AM-&igna) -hangmission and Detethion ,the
Modulad‘?ng Aignod Vo \tege “Any Muzt be less than caviter
&ignal  Voltege 3T |

NS 1o skerch AM B73va) e Moximum & Minimum omfitudes of
A &igna) T8 Given by o A = Ao (1)
e Amin = Ae Ci=p)




P 9
-E&p'ress\on For AN- 8:3nq) Modu laion Index T fevrn o Th 12

AN AN TV

T and Miimue ampludsi-

AS )

Envelope ) St4)
=== Amax = Ac L1+ 1]

AN

We Know Jhat the Standard AM-aigndl is Given by
SH) = Ac 14 Kq m('t):) LosgA f,t  — )
L Ay MaXimue  amplTtude A St4)
Ay => Minimum omplidude o Stt)

Figure 3 . ghowg the Envelope ‘% S4) [L'-e > Acl 14 Kaq m(t)]] % kedch,
AM &signa) reaches 18 maximug Value whep my(t) =

Figure 3+ Eme 4 AX) Aigna) S{f)&PW”P"E
NN ANANNAA_

Am.;h_
Aoz = Ae (H" Ka-Am) = Ac ( HR) = Q= Ka A

(1))
Similarly . AM S9na) yeaches mini mue value whes M) = — A,

A.mr): Ac ( (‘*kqﬂm): Ac ("‘H)

— (@)
D*‘“’C““‘"ﬂ EFUedion (1) WG equnbion (2) e ger

—

Avtn AcCI-M)
Amax (1= 1) = Angp (1HH)

Amax = K Amax = Amin+ K Amig
Aman = Arrin = H Aqut HAmr, =l (A A, )

- Modulion ok © | 1= Ames :‘2‘0
max T~ min

At A (1K) jy




10
Exoample 1.1 ¢ u,g?ng the messoge &ignal mip)y=—__, Dejermrne

—0nd  Akerch dhe amplitude modulated have Por the Rollowing.
modulafen fndex Malues (1) p= 503 (ii) M= 100y
L : ' Ture[Tuly 2013
> Qlveo ' Message £7gna mi) = LIS
B
(?) Mod loH — Y =DeS o
S fodex o son=0:s ;-
Ne Know thet the Atandasrd AM &igna) eGuakion L8
S = A, (14 kKamit)] cosentt — (i

Fox },L‘-'—'O-S t e know 'h%od”) Hz qum(’hl
may
* The gfven #fgna) mi4) 18 maximum of =o0.
|lmin)] = ect

=—_ | = =1
mejn 2
[ +4 bep 10 anol

M)
1 a{mu)

M) I8 Mintmwm o L= o,

_
Im(at)\m = 1

=0.
s
i I+g= Fotw
AR VE S A Y0 e
e M= Ko ! Skexh 4 mit)e_
°:“U'L_K&:O'Q AAA~ P A ALK 0
s = Ao 1+ 28 cosant

—_— | i,.‘_f-l 0'6 4,
oSt S A = A4 ], = A [1+ 0563 = psh,

Arin = Be L1 Kalouof ") = ac[140) = Ac

o The Rovelope & mid) appeosik  between Apgen= Ac and

Araw = 'S Ae BN S(4) &ignal o5 hows T Moux 1
. ASH)

_ 7? = e
— ”%‘W’““ A ek

FiguYe 1 AM &igne For U= 0.S
NAANTS AN




M) When p=100% =4 - | = i = _41_: ‘- ( = Kyben] |

ANANANNA~

F
=g

MM equebion ik,
Sth= Ac [1+kamt)) Costenid) | muy= -2

ey
= 8= Ac (141 7] 008 (2774:4)
2 Rhelch st~ (i

o 4
Arrar = ACLH"Kq'}'fﬂ’/)ij: Ac [H—ij:o?gc
Ay = B [+ QMTJ = Be [140) = Ac

A StH)

1

INSONTSNSONS

E e
Waﬁﬁ?ﬂ% e Messoge &igruod,

™M) = L . Defermine ond  Sketeh AM

} (+ 42
nl i = 50° F
=5 For (5) K=50% (i L= 100% (w R=1Rgy,

L Gfven doda ° Messege Rigro) mep) = _E

VTV Skedh ¢ Avvare St for =4
NN

~—

= 442
"""N LI IS "3 -2 "‘i O‘S- 0 OOS- 1 B \gx

¢ - . w

w+) O 7 oee -O"S -O‘Lr -O.S. ~Dv 0 O'Lr ﬂwg O.L,_ 9
| '_j ! “ v . O
Amlt) i ‘L
" - mil=-0-8 _
WHL; 0:& vy fmct)]wE 0:5 o} +=1

o : ,' sE o For This message 3igred > AM Aigrad
: SH#) betomesr Maximuwny ot t=1 aw

8]z | —0.g Yeathes Miaium ol $=-1.
S Kepeh of m(t)
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L " , — ToSkerch SHJJ-—
Cage(D H: RO0Y% = 05 S~ KT ka NI~

The mamm o SE), AV Zignal & Az e (14 Kllmiﬂ[m]
A ":Ac[Htw«g
StH = Ac [ 14 Koym(8) ] Cos anpt W::L'Lﬁg
M- K T, KQ:: K = _?i:g_: L ™4 :_j%}_ b A= Ael1-04)]
lm(f)lm"‘x e Amin = 0-54)

o Emiﬂf—ﬂr L)J C/Qg&ﬁ.[fcj‘ and & xhowa'{n %43%:1'&6),
Gige (1)

= M=oy, - 4 -
’\/\./\_/\_/\/_\ 1
= | — o f - 4 =9
M <0\1'31('t)l o\-—-—> |<OL'_ l ( J} --—-0.'_

o SW) = Al Lt K,\W\H“)] CosanfF
Eﬂ = A1+ 2 ]Cosaxrﬁ

(+4*)

TOSKIeh S5 Amay = Ac[14 Kalmer,, ) = Ac [H‘UD'Q: 6L
Amin = Ac AEIN [W%ﬂm;nj = '@c[i-—QXO-S:] =0

The S kerch B 3H 2 fhows 49U 1-2 . ® .(O_’ver Modubded )

(o5 Gt Ry = RSy, = |'9S -

PN NN

Ay i
K= qumt{t)\m}(@ Kaz R = 14 Q-

lm&)lmow 0.$

- L1+ Kamits] cosant, 4

S = Ac [ 1+ 2-sxt ) Cosam gt
(2

CSH) = A [ 1+ ASE T cosampot
| Cl4£2)

%M*):*w = AC [ l+ Ka |mct) Lw‘szﬂc [HQ{XDBQZO?'_&

bﬂrm?n = AC [+ Ko, "““”mf..,] = A [l-—@-c,‘zgxo.,g]: ~0-9She

The  Skedeh of SE) fur =190 I8 Showo %o ﬂﬂ"gua’ 1.9()

and 38 0Ves Moduleded .

||§;
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Cage(?? | = 50% T Under MOOIU\a«hcn
NN

&=
= —-—— - — = . — _L _‘&________ ~ Amep= 115 AC
; o =y | A
- C
(® : ' - &—

] _Mf il

H 5 *_"ls\kc

- Arpo "4

> -

e mine

(e

Figure 4.Q: AM gignad for mf’“"

-Fnr () =507 (B =zl00Y, arg/
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¥ Expmesueo by Mutthne ot itaduliion:
Cengider —Hvo moduloding Aignalr
m(+) = Am'CﬁS &W'Fmi‘ﬂ‘ — )
) = A'”a Cos &Wﬁm} @)
W-k.T dhe Attndard equation «f AM-iave 73

StH = Ace [1"' kmm(*ﬂ Cos AR E Y €)

InHig Cage ) = M)+ my()= Amf"s &wfm—;i + A%Cesazgmi

StH = Ac [14+ K (A m 05 &7‘12,,,? + AmQCDﬁ&W‘?an )] Cos In it

St4) = Ac[ 1+ K&imiCesaz Fk + K&ﬁml&s&x{;gj Cos an, ¢
Fi Ko

s = Ag L4 pycos Wyt + 24 F“‘jj CDS{QW&&(‘%—)

S(4) = Be@®sarft + Mihc Casanfet. cas&wfmﬁ HQACCosaﬁFJ-Cnsa'a“ﬁE

WRT- (o2 A tosg = L Cas (A-8) + Cos (A1)}

SH)= AcCosgmPd 4 MiAc, & (5 ¥y )t + RiAc ps (o Getdt)
\rCarriey & '\__,"—531 i, busgj_
+ HaAc

p) Mo Ac
—g- (s wtg;mgf ¥+ ._’;Q_ Cowg}%}f
P EqUndion (B, 1 & dlewr dhag, Whtn we home e 6
0 mod u|adia

3-#@&)@0&53 (—F‘mj,-jiml) We g—d:’ do4a) four
Side bondg. (.., TWo Upper Zide bandg (vse) .+ ij, -?C'l'?ml-&
Two Lowey ASide bands (LeB) £ - ﬁmi’-ﬁ(?ma_.'

‘APPW FOUT?EK 'ﬁmfﬂ{)ovm t5 EGUT66) (53 we Se’l)
SCp)= =€ [S-R)F8CE+E )]+ FIAC 8 (b thepod) + 5 1 o))

_ 4
U 'L‘%xﬁ{ |8 (B~ Cherfn)) 4 8 (p+ [fetfin)] + %_”*C |8 (- [ )

+E (P L) 4 e e -thert]) 4 5 (pacrrs, )

— (&)




IS

%SCF)
Ac
¥ §-aranate b eyl
Ac LSB) Acki
i e S i e A e AT

ﬁgul Lsgy AR Ac_H'L

‘Usgs.

Uebn, Hehey R At A O Tk, fhn f ey it T

ER— : H 3 o__

ToAa) Band wid?h i The ot ~Hansmistion Band width, for
Mult Fone v‘\mpli}ua‘e modu laded Wave IR

BNTri\/\’ HzZ -

Nhere | J = Maximum (—Fmi ) qug_, | - ?mN)

Note :%Tey Mutidone Amplidude Modulated IWave Rhown ™ €9 uabon (5)
ey Five difesed §requncies 05 follows

+ Fo = Covter Sigra) Wit omplriude A
. .fc_ﬁmi-.e. LSB4 Wilks amplitude

[t
. FC+1EM1—> Usg1 Wils ampliiude ot

My Ac
ol

+ Fem fip—> LsB, wils amel fude }
. ﬁc““jem:;} usey Wity amplitude

¥ Ppower pregent fn any O\I-I-err\od-?ng, &ignal (Voltege Aagred)
1R FHven by .
: ' -1
s (Vews ) = (M l\ll)l:_ \/n)fz (Arplitude)
R R~ &R IR
Nhere R= Load Reriglence 51 0,
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* EPYE&Rn For Hoded Fangrilied poner and Hedal modulatie

Ia)ole:( for MuJﬁi“z}eneW W’“ e

Lot P be the ~tote) power fo fse AM. -2ignal. The Mulfs tone
AM ;54_qnou For two moduladiong Signals Conedn  Fve olifevent
-Freqrueog Com ponentz . TR Hode) power 158 Caleulated a5 follows,

r P t ﬁ_se USB i P'"SB:_+ PUSBL
#-'_—(IJ
Po= Ac
R
PIAC)L 2. 2
—P . e ("—‘ HIAC 2 2. 2
8-551_ lLogy - :;Q/ D = i\—c"(B—J- ):P_H_l
p o p . (B> Haall
lomy LSBT 5 ==y o’?{R M:_) P H’L
B=
T PC+P4+PCHI+PCHZ+PCHL

= Pc [|+%+%LJ: ‘DC[1+(H|1HLU
P = PC l:.’l.—l‘ pé] = Tota) power f&o AM Zignal
L te
Whese Mp= M+ =N
. ”’r:\lp,n_-f- H;‘ =Ne+ ModulaHon Tndex

TIa Geneval , Neb Modulaissy &ndes for N-message Signaly ¥

Fiven lobl

M=) M+ M2 ME+ - LMY



HASSAN
Rectangle


Lt

NoE: For Btngle Tone AM Signal, -
* Toto) power, P = PQ(H'—B- )

e T 0 : o = - =
oda) §ide band powes : E‘:’B“‘ PLSB+%35“ B{_{ '1"P£4‘_H
T fRp= RET

&= Tota) power i)
Ride bands

Dedermine the vodfo of Maximum average oted power

X womoduleded  Carrviex power i AM- Aignal.

= N Toted poner Ty AM &ignal iR @ ven b‘é/
_ b
PT g PC- [_‘ +"§5’J

—— ()
= Unmoduladed Carier powey

U= Modulatien Tndex. Varies from 0 L 4
s B becomer Maxioue of p=1

— 2- .
P = P [T 1Y)

gore
Example 4.2 =
MN\/\/\/V\

Where, p
C

Tﬂmx

Rf:ngy:wi:é:hs

> “The YI?\HO ‘%_ Mariemie ﬁan&mﬁﬁec) PowWey E-—ﬁ,—w@ L% Wmoclulmjrtc]
Casriey power 1t AN £ignal 18 1.5,

m:._‘lhe Moxierue powey Yoadiated ~fromn aa ~AM*b'mddcq8H(9’ Seibon)

& Btmo\: IvSPC
X

« I AM- &ignay
L carrier power doez not Conteling a0y message Kignad.
" The presence of (@rier power 'R’ fn odet porer
By, veduces the Eficienuy of AM-&ignal.

L> LsB g2 usp Carviex €qua) power * f. M2'/4-”.
G Gl
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+ Efficdency of AY &gt (1)

I+ % 15e Yabo of —doda) 8ide band power $8 that of To¥ed

Hargmitied power.

Le) YL-‘— ESE = PL$6+PU§E,
R
Nk-T ]D.t_-— PQ £'+_BLJ
%g- LS.B_’-PUS_& = Pc HL
V[:-%—Q’: %QH- o %{L - M
4 2 2 94
Kt 24 +u
¥ V _ HZ x,oo
: YL Q__'_HL
:E'ﬂfz * The MaxSoue S?;%icjer)uj %- AM &nal| (2
- p’- } — iL :‘i—'X'
Ymex &ﬂilx i Q41 X150 3 X0V
_ U=|
-0 = 33-3370
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Fa¥ard e

I+ i3 o Diode civeult m'ecl o genevate AM- &fgnal .

& Explain the opevation of SNTJ—C\'\?@% Modulator Wil CTreuls Arq?mm

ggﬁljan 2017

and wavef 0¥\ .
L> Switthing Modulador 8 Uged 5 Generale AN Signal.

Ry
c(d) D BPE
f— — ————
-—-—(N ) N I
Tdeal ‘ '
diode I I

mit) @ VitH) M@ | :g! Ié}ﬁ@'@

' ne 4
VQ(’U (CL) :Fc
AN
/ﬁ('t)
P
6\0?3
: +1 £
=3 —— 4 | io 1 O -‘
(b) Y & ey T [
ey
2

- ’ “ c)
Figuse 1.3 : (@) 5wn:¥ch°rmg Moduobor CTreutd o\TQ%mm

®) Tdealized mput (vcty) aod oudput Vytt) @Telodion of Diode
(© periodic pulte—traim e cc4) .
Ee}f\amdﬁon 5 SN';}cmg modulodor  Con#igR of 06 1dea) dfede
Which §8 “Uged 04 a Switth  Followed Jobn Rasd pasg Filiey (BPF)
—duoed fs “FEFQCI/UencH ) FC’ R Showe -[?ﬁjuz‘e 4.2 (a),
Ls Me&satge (ﬁignod (1) and Carriey 5?3001) ced) ave Smullane-
—ously opplied 02 pul &igna) fur fdea) diode ‘D, 0% Bhows

® digyre. 4.3(a).
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A0
» Thepobed puh V() J5 bhe diode 15 Given by
VitH)= mid) + )

Vith = mi) + A, C°5°?ch7 — 5 (D

I+ 18 orBumed that  |mvi)| « A, TThevefue oNZ6FF of Diode Dicde' % ‘f;AQmmneJJ
C+
. The owput Wlteg o2 Diode ‘D (3, ““t"’\)

, _ ] M) wken ced) >o =>shown ) figquaed.36)
VACHE-
0 5 When CH) <D
v The ouwbput voltege of the diode Varwieg belween 0 and Vi)
ok a vols equa) & Cavite. &igna) pevied To=-

=+ -
. The Diode outpud Vollage V4(+) dependz 00 fhe Cordmol &igna)
Fpd) % hown ™ AFguze 4.3 (e)

In—deser of hperi’oo\i’c fu\}k'ﬂ'fain %PH)’ Tre oubpul- Veltey °Jﬂ1he
Alode Con be WYIHen OK

W= WD G 0,
Subghidulz 2quebion (1) T equekion (2) we Gt

Vo) = [ M) + A.cosant 4] K36

—>(3
P@PTE(gU\H‘S)?‘ %PH') bg ?E- Fgu'ﬁ'ex 5 )

evies, -
|
%pfﬂ‘) =5t —°§'—- COS&W-?Ci- L

—>(
Vo) = [m(:r)-f AcCosamfed ) [+2 2 osanfed -

1) = < 2 Q)
) m) + = m(+). CosQrf+ + i;?*ﬁ (03&R~+ct + ﬁACJ:Cessz z;cj.

-
)+ & ) onangd o e
9 ) 1) US&ch'-}"l' (bsang.t + Ac AC + Ac Coc s fﬁ+)
®e) —0)
The Tequited AM Wave (Genbered b -F (3 oblafned
Pazdtng- \4 (+) thvough an

(ﬁc

ideal BPF lﬂqv\ﬂ? Certes %mci,umgr
QOO’ BRw = &#rr-, H2
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o The ouwkpud of Mre BPF IR

\§' (= S mi) cos tamted) + B¢ tosanfet

: m(:&a Cos QA ?C‘}‘

'y = AeTq4 4
W = = [i-{-mc

\c/;?l (+) = % [i—f kqm(:r) CBSQ?[.FC-}- éj@I;M— Wawve .

Wheve ko\: ';'?"’ :Am@]ﬂ'ucle <$ef}’£ﬁv?+xj jqume}er

Ac
EQUodion (6 1x B &tandard AN - &igna) produced by fw
KN?J—&H‘m%L Moolulaba-; Wity carrier ampidude Scaled down %ﬂ_‘

, s % % X X
K44 . ENVELOPE DETECTOR %% %

®> Explain fhe operodion of envelope delettor Wills neat diogram

~00d Nave{lofzrm&.f\\zso mention The Signifi@nce ef Re-Hme en3tant.
Jape- July 20(7

E—b Dermoduladion Dedeckion i& e Process of Tecovering The

Ovigioo) mezzage &ignal from the modulated wave ot Fhe
Yecefver.

EmoE\tiz: It 15 a &imple and highly effedive drede

Civeult. which I§ Commonly -used for olempdulation
of AM-gignal.

C?VCLLU‘ ol?a?m .

Fider
N e
L i . "
| |
Rs :C |
| -J— 'R
Se4) AT L Vet
AM NGVG | I
! |
=t

—— = ==

Figure 41-4®: cloouit didgquam of Envelope Dektio:-
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Discharge o’l.,‘
L X ‘C"‘P‘“dm | ' E’n\je\DPe DﬁAM—-que
i % I‘ r
T ey e *'- el By T DWD’%
' ™ f &= D:ode Defetdo
i “ | Pl frs C“f’o‘f/{f‘l"o/
! I B R ) R IRy T JIe b’— Mﬁe
(b)

FIgus 1:4() 1 @ Ay gignay sﬁ); tpug 45 the Emvelef@e»‘f%v
SEIE e W@ of AM&’%”)\‘}\’ omd nd_ Voltage QLSS (upatity

Fuat 4 @) Shows dhe envelope dea-ec;m Crycutt T ConptAl
o a diode mand o Rc- pIdern ThiS CTrandd 78 alto known ag
D;ode Detecdoy”’,

Circui+ é]oemﬁon'

‘ﬁ In e positive halp cycle of AM—/‘Si?ﬂCU piode
‘D’ betomnes forward bioged and cumret flows thvough
lood vesistor R ..

Ls 10 1ne Negafive half cycle of Fhe AM-Wave, Di ode ' D’
—becomes Yevegse biosed and No- Cugrent £lowa Thsough
dood wesiztr R,

OnJH, pogiHive halp of e AM Nave appea¥sd Grross
RC- PiMer ~08 Bhown 0 $59use -4 ().
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GagRi R AT
L Durtng Ahe +ve half Cyde g AM Wove, The Capaditos C’
C,Zbg,{gew %‘9 Jowards dhe peak Value ef Ahe mP@—
(S'T%"W\J 3 Ihen dme cf?ﬂPLlj‘ /%1'3?’\0() {ia\l& below 154 value, ke
Diode becomes Revewge blaged And ke CO\PGOLM'C’
discharges &lowly wough e load vegiator R
s> he Diadrargmg. process Grttaues UnK| The Pext POMHVE
“halp cycle % AM-Wave. When—the Topus Signal betemes
Ireades Fhan e WHeGe Ocwss Copaliyod,the diode &tarly
Ccmcluusm? Again cond the proress fAa vepealed
Ls Thig  CondduouR pvoCess of Chcnfgjm? g D‘;Xckaﬂ(}k\c} egf_
&Pc«um,%fm the &nvelope of AV Aignal 3 Bhown )
‘Fgme 4 4®) Which 1§ N game Askape or Thed °f resSage
Eignal .
Sekdion o RC Gorstand o~

* The dmrcgsmcg—}%m Cem}anﬁ‘ei?scg murd be Vewyrouch less
dhan Ihe Carviey 'PETfOJ{ ‘/‘3_’ .
C

,]{’C quqd}o;( Ckanae&UP
P Vool ‘Ya,oldl\(f.
a 8?6\8 Time (erglert ‘R’ ghould be Joma,
€nough —do enture thad Ahe Coupalct oy df"zschur?ex

(§\9W\3 ﬁ'\fob’g‘% dhe Jdoad YY%?&WIRL’ behveen pog?Hwe
Peaks of the (owrfey Wave .

_ | _\ Toensuve
L€, —f & RLC K = Slow Discharge
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¢ Advanteges of Amplidude Moduladion 5

A AUNAN

1. Low Bamcﬁk} i’om;

Q. AM- Waves Can +rave) Jonger df(‘iirance.
Le;  AM Waved Qovers \aarge area

3. AM drangmiHers are less Complex

4+ AM Teceiverd Ove Flaple, Delettion 5 208y acd
Cost &% Clent

TRty @ Limigebions o A

1. poller T4 (Jasted Tn the Frangmifed Agral |
Q. AM needs Larger BoadwidHs (BMT:&N)
3. AM-&igna|l X affecled due 4o Nboise.

* Mpibons 4 am:

DA Vave o

The Maor  appf cabiong o AM ave
Ly Rodie BToacJCg%Hnar.

L pidure Trangmissien tn & TV-8yktern .
( Televigien B’rc)dd C’MHV\?)_
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DOUBLE SIDE BAND SUPPRESSED CARRIER (DSBSC)

NN A
NN AN ANANANN ANNANA AL

MODULATION
ANNNNL AN

s % oVerCome the dyawback of powers Idastage in AM KWave
DsB3c- Modulodson '8 Uged.

l——> DSBsc & A method g-ﬁ’ran&m‘asﬁo«) of Message /’373'0&]-) Where
c*mlH <hoo Aide bands are *}m%& NM% Cawfg&'ijsd‘,

ANNANAN AN NN A

Ls  Amplitude Modulated Wave {n which the Cavrier 04 Suppressed
(& Colled ~ P3B3C-Modulabion”

16 . Time and Frequeaty domaig descvipdion ot DSBSC- Afgnal |
AAAANA NN ANNANNA ANANN CNANANN AN

Leb  m(#) = Ap, Cos af st — ) - Modulo\h‘n? &igna)  ind

c) = Ae Cos @A fcF — @) = C(awrier &iaﬂal.
Then dhe Time domain 8xpression for Dssc- Aignal 1.4
dven by, AMeD)
S@) = Mm@ )

| I , P
EYuedion (3) 15 Hae Fenera) 54 ) _E\/ )
[

Expression of DeBsc- Kigna) Por

— - —

Uy Messege Agnal wlt), Asmp'mge R?f/gseu
for m#) = Ag, Cos 8P ford A‘A"‘ﬂ " f‘e’,@ﬂ\ I N

‘ /\/\n NA (b >t
S = Ac Cos@rPd X A Cosanfit j WUU U \ V U Y

rj. —
N Frgus 4.5t Dsgse Modulded
KT CosA. CosB = éL CCos (A“E))—‘—CBS(A‘\'B)j ¥gna)
MAN

SH)= AmAc Cosqndt. Cos@nf -+

c.q — A A
SH)= Amhe ['eosam (pe-tu)d + Cos am (fe+hyd] Cnte

. J S,
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Toke Fourier Transform On bolh Sdes ) EGuedion (4),
he el

= AmAc [ gcp-re.-
S(p) = _4_6[8@- (FeFid) +§ (F+Lhetu)))

+ %“‘ [S (k- EFc*FwJ) + 8 (£+ Emfmjﬂ

M(£)

~feFe —'i?C ‘FC‘*'FW)_ o
}e%’ \) b

Frguse @ spe(,hmm g i) (b Spedose of WW
Above Figure Khows ‘f‘r‘\e %fe%eml# (‘s«jsedmm of- . DSBSC Atgnal.

° We obRevve thot on either Side of +£,, Wehave Ls8 od USR
W5 ampliiude AmAc

X 4% s
o Carvfey Jesm T4 Auppressed nthe Kpethua o theve £ Mo

Impuke o +p..

NS o The DSBS (-&ignal) S(H), Undergoes a phase Reversal
Whenever e messoge &ignal Crosses Zewxo, 9k Showa
™ {33ure 5.1,

© A D3BSc &ignal G be generated Ly a Multiples(@
alko Called PI%’}B\@ Modulo&m’J B2




T

Generedion of DSR-C Wawe -
ANNANAN AN A NN A AN

The o]ev"fce,g Wied 1o Caer‘}eroolﬁ DSRSC Waves ave kmwﬂ AR The

produtt NModuled0¥3.

Message rodU
— = d Produth ,,Dsgsc K

M)

T C?%'%I Ct4)
The most Commonly “Wed produd- Modulator Fo generake DSBSC

Signal i Rma ML

I+6. RIN& MODULATOR # %%
ANNNA AN AN

&) Explaioy the generodion ef DSBSC Wave TAing Ring Modulator
ond alto Sketth Tre necessary aveforms .

Ls Ring- Modulator & a produd- Medulagor -tRed fur Geneyatisig~
DSBS ¢ ~Moduloded Bignal.

Clycuis flf‘\“?ﬁ:‘f’ 5 D1

T L e I S & e I
; l r
D3 Tl ' T
m : ——
(f) \6(_})' f'\ | SH)
D4 e | ' DSBSC
1 : | J73"8m1
|
| | |
I t 0
Da # 1?735;
. | Assia ]

CF) Bauoere Wawve )

faywe 4.6 e [ T ) o1
EIE AR i e
Ly e Gy cult dfq?mm o Rmg roolu o 18 Showa ™

Figuar 1.4 Corgialy of —two Center—erpped —transforms

T1,Ta aod Four dfodex D1, Py, D3 and D4 Canne(_}eg] )
bridge Ciscuir Aad o BpF Wi Gnles freguenwy £, Bu=af,.

RING)
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Lty the Cawriex Rigna) 18 applied Io HHe Cenler Hapl of the

fapul (T1) aod owput(Ty)Frangformers . Modulabng ignal
73 opplied f6 the Tpud—racs formey T .

Ls The aupuj—\/ol‘rage OPPCAYR QLYDSS The 3‘2C@m\q of-Tre
_:h‘qﬂS%armea’,TQ ( ARtex possmg ’H’smugﬁ-\ BPF) .
Ly The Diodes Genedtd T the bridge Crocuid- (Ring) acls Fke

Swirthes and Their &\JTJ‘CHM? 5 Gnholled \93 QTTier
ATgnal (3Fuaze wWave).

Crreuss apevai'i'on =

AYA A

Cqse(;) klhen The Carrier 13 +Ve, the

L
Diodes D1, D2 betomes oN & piedes 1

D3, Dy becomex oFF. ' mit)
Heace f}he Medulatoy Mukiplies messag 1{

Afgnal m@) by +1.

5

=)

¢, Vo) =mME)X (+1) =m(d) |
E9udvaleat circwid 8 Showan b Figuaed. (b ’i@d’ 1 6(b)e buviag fVve
hal%(g(le“}r
CG&GJ) ~IWhes % Carvier 18 —Vve , - 0
+Hhe omdes D3, Dy beiomes oN £
D] ,D, beComes ofF.
Heﬂ(p"the rod U Jod o mUH'IPll%
mesSage Signal by =1" ok
Ahown T PIux ¢ @) .

te Vp(4H) = M) X -]

| C(4) R —Ve
Vol4) = —m(4) - RS dCE DUTING —Ve

" B o H and  Caseli half cude et o

By Cembining  Caze() aad  Case(il) I

The Ring Modu lador oudput od- The SE’CUK\CIW t{{i'ﬁfqr}&f&rmo’
Ty 18 Given 5‘1'

\é(—l—) = MR CH) — ()
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The Squax Kave Corsviey C(1) Coe be wwe&mkc‘ Lbl 23
Jourier Seriez AR

™ n-)
CeH)= 4. > 9 -~ )
% ) T OOS&A%@'(&V\ Iﬂ

-]
& 3

= 47
) = = [Cosw\“?d = lé CoSEmet +- - - |
SEaia)
" Substitudr Equedion (2) T Vo(t) 2quUabon(t) Ne 9o
\bh) = m(4) x _‘% [Ces.zmec:} -.ﬁ CoS 6w Bet + » o :)

I,\!lwen Vo (3) i’asA P%&ed "fﬁa'oug% BpF “Lcav‘ma Centes ',"—(i)ea(ueo‘#
“f. od gqndwfo!’rﬁ'% Ne get DSBSC Rignal,

S —
SH) = iom M) CosQrfet = DS[E‘SSQ generakd 'ﬁ‘)m
a RNG Modulatuy

§ Ring Mpgl_u\a’f“?f’
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. Coherent DeecHon -

AN
D Wils gelevant diagram Explaio the speralion of The Cohesent-
delection of DSBRSC Moduladed Waves. alzo €xplaty phaze exvoy
ood Frequenuy evvor. '

L
DSesc : MDdUh{-ﬂr Eilbey —V(1)
S19nal
I Vo= Cos (@t +¢)
[T Loca)
0S¢ llator
UL cobsyeat Dededar to 3o a0

* The Modulodig Bignal m+) 18 Tecovered from a DSBSC Wave
St by Ustrg. Coherent Deedor Shown 7 Figus 4-7.

+ I+ Gesigl of o produy Meduloter, which multiplies
D3BSC &ignal SE@) and Lowily generated Swusoida) Signa
from Lo 0A@lador. Then Multiplied Rigred 5 pasied “fhwough

e LPF ,f4 p'chUCes reguiyed meéSage g?gna)-

** For Fodth gul "o‘ecsve'a'H CZJF'fHe rNesSoge Mgncd m#), the
JoGJ o8t lledor ouppus- Ahould be exactly Coherent (29
Synchronized fn both frequenuy and phase Wit that of
:U\e_ Carriey WNave <) uged I5 86063‘&)2 DSBSc- Sigwﬂ o~
e Frarg mides ead.

¥x TP Low) 08 Ilnder owhpud is Mok Syndiorized ‘_\f'%w
°f Corviey Wave C($) Used to Generaks Dsasc- &gl
(Cohezreni* Dejedoy Pmduces €l dher QPMW) @
'ﬁf@vuemuo? evvor = 0k follows.

NN

NNAN—

Leb  Bhe oudpu \/olkxgn of Mo o 0gGIedor 75

V)= Cos (e +4)
whoye &:PW error
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LyThes —the chﬂud Mod uloduy owdpud™,

V) = S(+) X V,(F) — @
W-k T, DSBSC- £igna) S(+) = Ac Md) Cosantch

COVE) = Acmd) Cos@rfed X Gos@rkt + )
R il

AVE) = Acmi) [cf»s @Akt +d —anfd) 4 Cos (@?‘RHC"*Q"%@
- |
V) = %c. m\(3) [c@_si» J o8 (47t +d>)] |
Idhesy V() ix PO&‘SGJ —H:-,wugl% LpF %V'Kng Bard%)io?'ﬂ;) N:'L_Fnﬂ'
We get—

Lfom = ¢ (ogd. m(4) | ouipus § LPF

-5 The Dempauloded Aignal Vp(#) TA PTDPOB‘HOM B m).
0nd Cos p=> phase E¥TOY

¥ Hh% Cb: Oo 5 VO('B—): Acm[__’.) __,_:> @M‘PL@ \/0\}&83 IS

=3 Meaxieniten

FWhen S=A ° Vo) = 0 (2 0595=0) . Then The budpul-
Vohege Vp(4) 18 milnimuen (Zew). Thid £33ed 1 (alled Waf
Null effed of She Coherery Detelhor
Neje s~
Qgﬁm‘flm’ll{f By -&Teq,uend% arve hot (S*:rﬂCLv’TDY]iBQCI) e,

Lowd 0ACkNodur 'Frﬁﬁfuenud ;FC' =+ Cavvier frequeawy £,
e e Prequenuy df He vence 15 )(Fg-,ec):;%\

L->‘rf~e Presence of drequensy di fferents | o = o -Rc |, Resulls
'6) Sf‘:\jfg-\ ?%He mocluloch\n& Aignod Fr e%enc‘#,

(<€, —I’—Tea‘/uem,j of- the Oudput Vollage &igned & Cohererd™

Pedegpor 18 - fo= ftof — upward ghi ¥t (Fe < e )
1} AFi8 Negadive
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pPreblems o0 Cohevery Delettor §-
AN NN NN

NN

Yy mz}: Cenfsi’c)ear o Message &ignal mid) Csdra‘in?ng, 'F‘mq/umtgr

Componenls  od- 100, Q00 and 400 HZ . ThiZ Aignal i& applied (5
00 8sB Modulodor together With o (arrier ab 100KHZ, WA
Gﬂlg e uppes &ide band Telained . Tn the Cohevent dedector Used
B yecover mid), The loa) DA llodur Supplies a Sie Nave of-
frequenwy 160.-08KHZ - ¥ ¥ Jure [Fuly-golt
(") Desesmbe tise Frequeawy empoven of the c!e}ecrw ougpud~
(1) Repeodthe Cma]l.{'ﬂ'd ﬂSSUMM?_"]'hcd"Bﬂlg—rhe lowoer Ade

band &8 "hdﬂ&m":ﬂfo}. C4-V]°‘W%)
Jul
Ls Given doda 2 carrter frequenwy used . :HMB (8 Marks)
ot 338 Moduldur (che Z

frequency Components of m(#) = 100 HZ , &00HZ & 400H?

<L Ulben the Uppey dide band i Tesioed +
(bt Firy) Pt b £, :
T e s

l Fo= 'me" af
£ =100qkn2
v ouwdpud frequen ies J Coherend Defedwr Gve dowen Shi Hed '93
ay= P = Pe = 10002 kM2 - lDOKRE = Q0RE
% oudput frequenties ave (1go-go)=8oH2, &00-20 =|80KY &
ooy s &t . . Ty
fony 28
Core(iD) o= plhen. lower &ide baad & Tragsmitied , oudpuwd Prequenties
of (oherecd defettey (& Hosﬁm*-ékl. (e, all fke :;SS«%&
RAgnal *F-‘Qﬂ,uendex ax  Zhaied upwqxol E?f A%:&D .
++ Frequensy Grposerds of fhe deleChor oubpud Ov€ 19012 > QdoHa
and 480K .
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RikEz

I.8.Coztas Receiver i- | ‘

Q> E%Pmmcm&ax Teceivey Can be URed For democﬁulameng
' Tuee [uly — 2017

DSB-Sc Signal. Sty

Ls the (ogtos Yelefver (3 a Pratil &ymcwonoux vecefvey
Aystern) , switable for democ\ulc&\ﬁﬂ% Dapsc- Waveg. I+ I8

ko ramed o5 Coglas lop @ Pradicy) Ayacened”

Vel Gitiem 8 I-Channe) - Caaats..
Rlock d,fg\wm} | [ producr | mé;}(cmi m(4)
L. — Medulatoy —  Eilks ||
| ' Demoduladkd
b ! Signa
DSBSC & Tgna) S

S )= Ac Cosarpd i)

| -0
l_Pha,se shifler

I

i oA Rk

| [Peodua]  [owpas] |

| [ Modulater [ Filker [ LAcSingmit)
|

_ e — o

Figust 1.¢ ; Coster vecelve s ® Corior loop

Ly -the Comta’ weceivey GoreiRlz of —Hwo  Coheverd dedeChork

Supplied Wil fame Wpud &ignal (DSB%C(;)NO«W) bug-

Wit Tovdividuod do ad 04 ¢ il odor Eignalk et ave Phase
Quadvadyse With Y@ped—o each ofher . (705 1he Jowd 0Scillodor
INANANANNAC~

Aignal’ A upplied ToThe produd moduylatrs ase g ot 6f Phase),

Ls e Coherent edeciy 5 the Upper ath ik veferred B ox The
In-phage dejector [@ T- channel] and thod ) The Ltower path

(& vepeyred t5 ag Quadyatuse- pPhase Dek?dmr[(@ @-C"ﬂ””ﬁD &
Shown o figuse 4.¢
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operodion ¢

ANNNNN—

Ls whe locoy 088G lledor &igna) f4 of fhe fame phage and
trequeary osthat of (arrier wave Ac CoSAREAF URed I5 Grrevaly
e tncoming DSBSC Wave. TRen the T- channel oudpud (endeting
Ine derived demodulabiog A1gna) mu) ond  @- Channe) oudpud 13
e,

e
W-KT, Moy = aﬁ.mu) cos e
When  (arrier aé M’a’omged qt_yzou
Vo = .A&s «m(%)] it

Zltoge’= 1] &

T

\/Oq: %CmHL) ,sioc)) e %C mE)Xo = (ﬂ

N Tre  owkpud— Volages of T-channd and @-Chanrelz are Cembined
" phoge diacytminador and 14 Pmcluces o DC- Contro] Signal.
iz DC Contw] Bignal 8 fed & Voltege Gtsolied Os@llator (Veo)
“00d f- rauﬁoMqHH, M oay wgieﬂo?s to) Vollege
Gondmlled ©Ad |jodor,

o' Vco Casrier i& always ™ gﬁmchwnou& Wifh That G~
the @rrier Wsd 5 Genevadz DIRY(- /Mﬁnq} = Dennoduladed
oudpu) I8 aAlway equal 5 (Vor = %meﬂ

e
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1'9. Quadredure Cavrier Mulfiplexfag-

ANNAA A AAS A~ AN NN

(& W5 Televand diagramsz, explain the epevalios of T
YUadvoduse carrier multiplexing Jrant m iy Scheme aad
Tecetver Scheme. Dec 2006 [Tao 2013

. 2N,
> Quadradure Ccavrter Multiplextng 14 @ “Jechnique ™ which

We Can Jrandmif moze Num bey of 37‘3!’\0'[3 (DsBsc-wave)
Widhtsy Fhe Same channe) Bandwidth. Tz dechnigue i@ alzo
hamed Gk Quqot;—qi-uve %pﬁdﬂcle Moclu\ckjﬁl?r\ (QA M).

LAM transmiter
AV, Ve U
Sie) MU\'BP\GYE(J
m .| Product- ! sy — 3 signal
1(5) Modu|q+oa-— Q%K S

A Cosarft

AcSin anfd

produdt |
Modu lator 3,4

T, (#) —

F79 @) Quadwauze Quvier Muliplexing @
QAN Trosmilss

» Figue @ Showg @AM Fracgmitey. T+ Gngikly of —dwo produd—
modulatsg that ave Bupplied Wills Casrievs which dijjer
I phose by a4 (phose Ruadwatuar)

* e ouppud of Fhe Jwo produd moduletrs ave Summ ed
55 .procluce MUl plexed Rignal - S(#).

Ley SH)= Si(4)+3,4) -
SH) = Acmy4) (osarEF -+ Acm, () Siearpd

e QAM-hoesmitier Qllowg +wo moduloded (Dsest) waves & OCupy,
the Same transmisciosy Chaonel Bandwidth .

D B2
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% The Mulbiplexed &ignal 8(4), eccupies Q channel Bandwidi,
of Bi= &K 2 W= M&X!‘fﬂlm\(qemi,.fml) Certeved o the (A¥vier
> ( )
Frequency %C'

QAM - Receiveye_
NN v

ANAAA— - : V(}) ‘\/(‘)'(4)
preduct b 1Ay 1 4
Modulator '> LPF ﬁkcm'{ )
Mu Wi plexed ' oo, Cosanfet
N ! {
Aignalsp) | T =g
J PHGSeOS‘H?Fkr
Sin 2nfct)

_ _ VOH’)
produd- D S

- Figux(: QAM. w@r

eFigur ©) Bhowe the @an Teceiver, which Gnig 5 of o
Coheserd dede g Which are Fed b(d Jocall\(f 3enem}ecf Caxwier
Algnals L’QVM; Same ‘Fm%@ﬂtg buf oub-of - Pharse 53 Q0

o The wecefved mulfh'plexeo) Xi&nad 3M4) I8 applied 15 Ihe 4400
Produdy modulatos.
Ls The oudput of Jop produdt Modalagur i
Viid) = S@) x bsarnsed .
L>‘-Tﬁe—bp LPF Yemoves the high frequeny—terms aad o Jows

onl&p Acmiis), b
= S Vo, ()= S5y i4)

Stadarly Ahe owrpur & bottom Produed modulades 3
Vo(#)= SH)xsinanfct
LoThe botlemn Lpp Temoves Bhe Jlncgﬂx -Prw.wmu;%m Qand
Mows  only A ry(+)
st Vgglt) = 4 myet)

ADD\_?@@'OD‘; -;1;&&-) W Ccolex TV

« T+ 18 Raod Widt - Congervahon Scheme .
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L—W}S of DS BSC~Modulaben o

A AN AN
1. Cavrier §ignal [ SuPWSSGcl
- Low power (nBumpdion .

3. ERET Ci‘ecnude i8 move than AM.
4. Tre Moduladion System 13 Simple.
5. Linear Moduyledion.

+ D i dods - Modulaben -
| Dm“"e‘@?‘;@ Lsayidodions of DSBSC- Modulabion ;

NN P W .

1. Design of veceiver 1S Cemplex.

Q- Rand widts gequired iS Same a3 thal of ANM)

i s
Loy Bhgy= B"‘,Dsesc P

* AppliGdions ®f DSBSC -
A~ AN ANNANNT

Ly point 1 poinf (o uni exdion,

N Amlog, TV &ystem3 Jo dranimid (oloa Injﬁwm’rion,
e
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1103 S BAND 8 ESSED CARRIER (3SBSC) MODULATION

|

Ls ztaadasd AM and D3BSC Moclulod-}on Yegquives A trarkmission
bandwid®h of Bl =8k,
J-—> o In bots AM & D3BSC- Modulation  hal £ of the dvommission

bacd widfh 18 octupied by the upper zide baad ef the modulated
Wave aad other halp of the transmision BIN i Ocwipied baf LsB .

LS The use and LsB are Uniquely oelated 1o cach olther bgf |
Vithue of theiy f’symmehg about e Carvier .F«raq/um(_%u_[gc'\.

o onhzf one Aideband fa necess«z::*j, Por HanRmision %
Message Aignal,

L> When only oneside baad i€ Frangmited, tre modulation 1s
Yeferved J5 ag Strgle Side band Medulation”

P CCER- MualuloHen =

Xlessage P'tfoc{ud L > Bar*d: paiss SSR
Siqral | Modulatoy | DSESC FiHer ’ S"?:)cluhkc) Klave
alty) 19

AcCos QAR
Carticy Have

2 ¢ Frequecy deserimiontion scherme for The

WoTAon of 58 Modulabed Have.
’Ffe‘?fuemc:d dercvimnotion Scheme for the Jeneveditsy op S9B
Mooluloded Idanve i3 Ahowa S above Piggyne |

P Gizl ¢ produy Modulahw followed by pr.

< T\;\@ DL@PL& # ’H—‘,Q P"UAUIQ MOAU\OL"W fl(’) DSBSC ZMW
SCH) = M) x Ac (oA R
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S S = AcmE)- Cosanfd

T%K?n% Fom’ie?f“‘!'ﬂ?ng-ﬁmm 6n both Kidex ot Chuadim (1) W )

S|(f) = %«: [MCe-k) 4 Mcrteo)

S® = A Mee-p) + A MePtEC)
" Tsa T Cse
Wheve M(g) is Frequeny Epethuan &3 riessage Aignol mah)

W% Showq T Flgure z(a).

The apedaun o DSBS Aigrod S,(8), Bhowa T Fiquae 2B) Consisk

9} both e (sde band® (LSB & LsB) Cendered WiTh vesped Is

Qarvies freq uenc‘d )

» When Degsc &ignal iz passed Throvgh, Bpr With T (ks
ﬁre%uem? ‘-FC’ and Bamdwid'ﬁ'}. "IN Hz . T FF Hramdmils USB
o Ne et Spedru g Ssa Modulnked Fgvin

S(£)= %F MB+E) 2 SSB Modulded &Fgral

— @) Wi only Use.

)

(*

L

- T4 BPE allowR only LSB, e

oA
S(R = =2 (MP-)) 3 838 Modulsded Bigroy
— () ki 5 only LR

"+ The Simgle Side baad Suppre ssed Qrvrier modulaled Fignol

SH) Pooduced o e Oudpud G BPE Condeing saly enc

foeled and ooy sianat s other stde band_ave elfghvil

®
Suppressed
The Frequenuy demain degcviprion of S9B - Moduladed MW,»E,\,

'8 Cleasly ¥epresented T Frgure 2.
Figure & @ &howd& the Rpethrum af SSB=STgrol it USB.énlbL.

r,"gua-c Qd) &howsd the K{Pecj’zrumof SSp- (%?SV'\OJ Wi 5 LSBW\L‘?__

2. Traogmission Baadwidls & sseq  , Half of [Ral of
Moduloded  Z3gnal 76% }7— ’BT- W &= AN & DSBS (- &Tgnalg

. o
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A MO£)
M (o)

“FC '—'? C"Hp\, (o) -“Ec_ll \] "?C_
W I
Frg

N\EEEA‘Z? () SpeUauan ‘a M) (k) Spetwum 5} DSBSC- S9na) S|H#),

1

©) Speckua G SsB Mod. &gna) (d) Spedyum of Sspafoduledd

hqvmg only LS S(4) Sigra) l"‘“’h“fj mly LS8 .SH)
#¥ Advantager of SSB-Moduldion -
NN N NAAANNAN

1. SSR-Moduledion Tequires half o the Bandwidl requi ved
for AM ond DSBRSc- 3ignal.

& - Due 4o RupprekBion of Carvier and Ose &ide ‘Domd, Power i3
Saved

3. Reduted tntesfesence of Noise.
4. Fodfona doex net OCtur & SSp-Fraskmi SS)os) -

dg



4|

3 ad vV SSB
L EUoraly B 3¢

INANNS

1. The Genevalion Gad wecepdion of SS& Signal i3 Q Complex

process .
. S3SB- ModuleH en Bgtern 78 Expeniive and Highl«ae_ Comnplex 15
Smplement -

e the Cawrier and one Aide band I8 Suppressed ,The SSp

Hranimitter and ZeCeivey need T bave Exceflent Freqyen
/Sfﬁb'sJﬁl—v#‘ t

+  AppI tHonig ¥ Ssg -

NN A N—

1. Mobik Gmmunicafion AySleny 1 (Siece Ssbis power Savig rvodulodian

Q. SSB 12 alge ULed fn appli Ghens T Whidh bandwidih e emeH

QAve Low.
Exse Poin’r“—'b POW; Gmmuo‘!(‘g\ﬁm
« Telem

* Milidary apphcyions
« Rado NOLV?%Q.\_Ho-n

N
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1
S | - ¢
VWL SIDEBAND MODUYLATION (VSB) *-

L AN AN

Necesaity © Need For Vse tedulabion:
L The sze moduibion & vo# appropriels way of- mpdu e .
Becauge the upper Side band and lewer &ide band meed at=

Jdhe Cosgter -F'req,uemud ‘fc and §3 £3 vesy o\?fﬁ’cut Mm}e
OW(J: Thevefore gereradiang Ssp- A7gnal (8 Chatllenging .

Ls 1o oVver Corme (8 df%?;w , e modulaﬁeﬂ‘}efhﬁ'%e Known
0% " Vegdigia) Side Band (vgR) - Modulation” {5 "Used.

> VegHgial sideband Modulafed &ignal (Vsg-signal) cenrial of
* Almost- One complese 3ide band and
NN ANANNAL AN

° \/e;s{-i’qe (g &gﬁﬁe) of dhe othey AZide baad .

¥ Geopxotion o, Vse, Muduleded e

Message Produy- | DSBSc S fole Band VSB
(
) Zignal Modulator ’5"%0\” Shaping ———> Wave

S (4) FiHex SH)
T‘ACcOSQW«PC”‘

cayyiey
signa |

Frqused > \/SB Genevaloy
AN AN ANANAANA

+ V3B Rignal generador Corpiztz of Q produg Modulador and d
Sfde band Shapﬁm? EiHer ok Ehown Biguse 4 .

* Produd Modulabwr generaies & DsBsc Signa) aad Then pass
T¥ Tﬂ’wouyx A 8ide baad (Shqp‘mg FiHer.

« Lt Hep) bethe dramper -Puadion - Side baod Shaping FTHe v
TRi3 7 Her wil| pass one Connplele &ideband odon? With a
Vestige @trace @ A parp of ~vawaesied (other) Side band.

—"
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> The welation betveen he SHramper Funthion H(E) of The £Tlter
ond the Spediuan S (B) of fre VSR~ Meduladed wowve S(4) 14
depfned by , SCP) = S,(£) X H(P).

A
S(f) = ZE[MCe-p) + MEE+£,)] Hp)

AM(E)

o e
N 0 >F

€ )

HIqUTeQ s @ spedwm op mdy (b) Spectinn of DSBSC Signa) S
© Spedmuar o VSB-Moduladed &gnal S

Freqyuenuy dematey de2cat p4iom of VsB modulaed wave 14 Showo
m Aiqures. Figuse a®) (3 the Spethnunn of Doase &gnal Ptftcimcec?a&—
dhe oudpud of produch Modulates Figure 2() Bhong The Apetdrium
°§ VS B - moduleded fgﬁgﬂa\) St4) .

Feoon Afgust 200 H 13 evident Hhod e Toted TTacdNisSion
Bandwidth 6F VSR-Modulded Sigrod i8 higher than Tt

of SSB and Lowes thog thad of Dse_sg,-s?qmﬂ-
W < Bhrgep) < 214

["e-ﬂ)
D ap
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#+ Demoduladion of VSR- Moduladed Idave -
NN FavavAYA

INANANNNN CNANAN NS

VSB Mudukded T produdr
— 1 koW pag -
S?gnad —?1 Mod Watoy ?THP;: S —> %CJc)—mH:)
Si+)
COS&W#FC'# '
Carvier:
S?%ad

FLE0E 37 Demodulation 4 VSE g

The  Demod uledion of VeB-B7gna) 18 achieved bbl Wikg o
Coheverd Dejector o8 Khotwn Fo Frgure(3) .

“Advantager o Ve :-
The Major odvanteger of VSB podubbion ave

Ls> The vedudion T Bandwidth . 1318 G\\mo&t— oS eftn Gend~ 08 Thatof-

SSR.
L Bosy Io design the fSiter.
#ppll obieng of Vog:-
Ly vse moduledion) 7z the Ztandasd Modulabien tednique tsed

for the +rangmission of Tv- signalk -
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Fyequency W [ Mixing @ Hedevodyning)

||§F\/\/\/\A

'—) I Ihe Communi cod5en &%Jremﬁ, f+ 18 YWE’CBSSGW%db —+translaie
mMeduloded ave St+), Fre%uemy W D) W
T2 Frequency So that 7+ occupfes a oew Fregueny /I@chv

Lotes, I B 7x the Frequeawy f Moduleded wave St#) then
ﬁW%Uemgﬂramlq’mz chaages modulaed Wave JQW%‘_*} (:'Fc) L

€ithes Fo+F = Upward Hrankkion
Feo-F = Downward +Hrar jedfen.

* ’
1 F vequenwy—trangledion 18 achieved b}f 'wfma o FreqUtay-
MuWi plier ( produy Modulahrr) Followed lo\o; a  Bard pass £ Ber

08 Ehown Fuee 4,

MIXER
DSBSC ] o i g V, Z{—) _______ |
Mod ulede | odu ' Va ()
Si PYodu 4 ; | > 2
@) signa) JT Mod ulator BPF :
o S L R O TEIERY
Cosamg b
Loca)
0Scilodoy
Frguse 4 ¢ Frequeny Trangledion @ Mixng €9
R A PAAAANAN AN A (WA
Hedesudyning
A a VAN e

Congider o D3SBSC Modulded ATgral, -
St = A-od) . Cosankch —()
*Wheve my(3) fg limited 15 the -\?req,uemud band ~W < F < W-shown
. T Fiqured(a)
The -Pourier —tron& Povmn of e Undion (1) 1]
SCe)= EE [Mep-Re) ¥ MEPHER) -

+ TRe & pedsum of- St4) occupTes the baod of Freguenaes B~k
(FetH) ond — (Fe-) 5 — (FotW) 08 Ehown ™ 4Fgyureyb)
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SESLE Ry e S ey oy

be, (f > f= £ FL) (Downward Frequenty)
ATRL " tre owpul- of Fhe produth moduledor TR GFven ‘9‘(}
VI(#) = S4) X Cosanf

Vi) = Acmit) (osQag T+ X CoS&r{d

Vb = A_C_r;\_ct) Cosan (fc—p )t + A Cr;“) cosan (fct f)F

> B)

TQK%\a Fouriertrangposmabion on both Bides We Gt
Py — A
MB) = M- Coe-p)) M (b4 Cee-r))] +

—Az]_'c' [_—M (ﬁ"“?c'\'FL)) + M (1E‘|' (FC-FPL'))]

—> @)

The Zpectoum o Vi(£) i5 Ahown T Frgue a.©

SR pass dhe produg Modulatw sutpwd- thvough, @ BPF haviy
dhe Center -?Wewuentg fo= Fe=F 2 BW=2W , We Go—

Vo tt) = %ﬁ-m(ﬂ COSQm (Re-F ) = Ac m(+)C0SQ K+ +

, 0-
Takng Fourier Hans foym g bon;&zs;d% Ne ge G)
R(F) = B [ M@ )+ ME+R)) €78 specoum iz

shown 0 figure 9.d) . e 50
Bff Com{:qrimg eqiaion @) [SC-F)] Gnd owrpul of FPF
%) 115 cleon that-  dhe Center Prequency’' £
of DsBSC modulefed &ignal st T8 Hranslodedts @
New F?feﬁ/uemﬁ band ,ﬁ}-_-_j‘c—i\

Corse (jf)
NN

S 1 T
PRI TTsIen 4o Higher prequenty

o fe—> Bzporf, (PRI Frepeny )

L pazs e produd- modulagor oudpud— Vi(#) Khown ™ €9n (3)




AT

Ne geb the owtpud™ & BPF

Vo (4) = %9 MF) CoSan (Petf )t -

Vo (+) = %—mc—r) Cosanfyd ° Po=ftP

— ;
quhs\% Fourier tracmsfsmabion on both, Sides wWe geb

B = e Daee-n) +acer)) g,
o The  Cendts —Fzreq,uenbbp o} DSBSC Modudeded Bigred &
Fransladed 5 'quard M”e‘“‘j fo= J&;“‘ﬂ '

The Spediua of V4 (£) T8 Bhows o Figuee (.
| Ml£)
(o)
W 1 W
ST
/\ T T T Agwey. /\ (&
L g
e Te
21N AV () e
1| "“Ec*ﬂ_):' tFe-F) 4& : T)ﬁﬁ_ s, '?c"f"ﬁf— |
| ' alf) )41 f
SIS B ity 7 e e B i s R 7 (- )
| " ’ /\: : |
I | ; L s :
. f ~fo F=RfL |' :
o __:_ J&VQ(%) : [ '
g e & Tar g R
: : f ‘ | |
-£ F =FHf

Figuse a- {(2) spedsuan § met) (b) Spedbus) F DSBS c’*‘fjfﬂd Si&)

@) S pecoum 5§ produdt moduledor Mﬁuf V()
() Spedousn 3 downward Fragsloded Kol Vo)

thvough a BPF H:Lv%tﬂca, Cendey —Fre‘i,uem(,bl, fo = FetfL &BW=aW,

@ Spedoum of Lpward Framiided Bignel Vo)
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$* Frequeacy

Divisiean MuUlh pl-t,xhng LFDM>

ANNNSN e VAW AVNPLN AN AN

L MUHP)QX?W} I3 A pwocess of (’,gmbﬁﬂﬁng N-— ‘ﬁncjcpencienk—
message Afgnalk infs o Composide Afanal Auttable for
ﬂTGMm?sswn oves A Commos) Channe

Ly Mul-ﬂplexﬁma T accomplixhed bkd- Se,peamdﬁ‘nﬁ%e Algnalz

T ther Frequeny @ e .
> The —echnique of seperading e Kigrils T Frequency
demain g TeFeyyed db 08 °° Freq Ueawy Division Mulﬁplexin.g‘

V]

v* 7 = (FpM)
w
(a0 [
=1 Q_ v [
= g
%‘J = T 128 3
3 2 T g |y 2
T 4 2ey £ §
, T & %
(5
Q- L
n8) Qo o . léL~
; o ? >
T 5 7 5
. It L
A
> nE L
g£E|Z
5|z L
e “l“ bo
6‘() ‘2 cév
M O —
A s
: N~
Qi
. Rl
7 3 & s
N > 8 :_l"
: = e o)
% -Q :_u? °§ ‘&g%
b ‘ > S | > OO
j I S Juga g oo
7 =y = CSV@‘ S (.
. S | F o
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The block ofiagram ep EDM- systen 13 Shown T £igusd.

Ls N- Incoming fdependent mess age Rgnalk avt modulaied by
mutually Excluwsive Grriexs Zupplied Fromn Qvier &oura ab-

€ach tmadulodor. e Modulated #igralg are pagzed Hhoough ke
BPE Io Selet any one Aide band. Thevepwe BpFE'A Pproduces 8sB-
&ignal’k and ave Sepavated W requenuy and Cembined ink~ a

Compokide £ignal. and tris process B Colled Frequeny drvision
mLUJ‘)P)@X'\n%.

L Mubiblexed gignal it trassniitid over fhe Genmuei Gias)
Channe).

D Teda) Randuidih vequived 5 N-SsB Moduloded Agnols W tiod]
Oy Quorrd band &

Biy-=NXF . 5 N= numbes o Topud &ignals

D At the veceiver Sade  N- mciepmciw message (ignalz o
Tecovesed by pogATg the Gomposikz A&7 al through, the
BPF followed bH Demoduledor and LPE,

g
1.%K Large Numbey of /M’%ﬂql% Cas be "]T@n%m}%e:‘ Qmul‘hneowg,,

2. FDM doeg net wequizes S\dﬂdwmn‘uacxh‘m behweer) TrarB3mi Hee &

Yeceivey .
8. Demodulodien + FOM i3 eosy

de o Lo UG
L, Comrmni(‘ydim Srannel st have Lazrgg E,aaclmidﬂ'q
te, Bhr= NXfo

ol Large Numnbexd o MedujodoR g Eiltens aze VECT/u‘JTeJ-

3. Cress 4alkK occur fsy FDM
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Theme Example ; \/sg Trandmissien of Analeg and Digide) TV
L'/!A': ANNANAA ANNNANAN T AN~ ANAA~ /VV\/\LE)M"

Ly Vestigia) gide band modWlakion plays a |<B‘OE\T0\€ in Commer—
— cfod Televisipe:
LS The exad detaidl’ of Modwabion formof <wgzed 5 —racgmd—
e Video Rignal chqmumgﬁn? a TV Apfer) ase ‘thluenCeel
by o Fothozs ¢
i) The VMideo Rigna) €xhibily a loyge Band widlh ond
Signi 4 g dow Rrequency nformalion , whith vequires
A Uge of Veutigia) &ide uﬁand Modulaion
i) The CTr cui sy -URed Par demodulbion tmthe Yeceiver must ke
Stanple .and T&xpertive . Thia Augqesls the Use 0. envelope
detedrion, tohich Yequiresthe addition of a Cawiey wave &5 the
Vg, n‘mdu(oeecb rJove |
Figust () howk The fdeal APeUaum of a Freuns mifres) Tv-Sigral
I+ Genirly of the Upper Side band, AS Y fbhe Lsr and fhe

S Souaq
) (fure ;
A pi ruve Squad A PCclzrnex Cagriey
Coxyl ey wiex ' I
Wﬁ-—— 4.5 MHL —p’
. |

(]
|
I
|
|
[

| S

) = = ] > zz ¥ i n| ] } >
it 5-4 .. .S6 c8 P 'F(Mﬁz) S4 <t S8 Ly ‘F(Mﬂz)n
Channe) BN lv_Chanre] Bl 4
| VT " 60M-54M=gN{T2

Fig(@: Tdeo) Trangmissim Spedswm FIg®° Amplhude vesporie
% Tv Agra) . °F @ VSB-shapby
FrHer ot e vecetves

* Figure @ Showg IR omplitude Terporie of o \op Ehaprag B ey
Ugd o R reCiver
- The Channe! Bandkidih USed for TV Emw}C%H 2 ™ Nowtha Ameri
TR EMRE ok Bhown ™ $9 (a) & 44 (9
W
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Module- 1 =~ Amplitude Moduledion
(‘Numerf g problems) V. T Q- Papevs

Lisd of Formulae -
AAA  AAN AANANAA

1. e azude Viulabion Todex © Depth 3, et

Am= Amplidude o message Bigne) Volf

=K A, Wherse e
UKo K’a: Ampliiude 5@18%‘?%&% Pommeﬁeb

@ L M= KaAm -
Nole 3. TRe MaxTeuen \Velue of nedulatien fadex & 1

. Wheo , M < 1 = Rezulb T uader mModulation

. When, =1 => Reguls & Cotdicd ModVlatien)
. whea, H>1 => Reduls in oVey ModUlation .

. AM Kklave W 3

L> singledoge AM (consideriog Ringle measage atgal)
s s(4) = A, [V M cos (27 3)) Cos (27ET)

L m%vwi (comb\ew%g MU W ple mezBage Rigralz)

. SH)= A, [_I+ X cos (2'A‘¥m1-{_})+ijos(zﬁ_{:m%)+...jcosfzwﬁﬁ)
wheve, - M= KoAmng M= KahAm,

3. Net Modulabion ;@é}?\?’( R

AN ANN

for MTJ]'H‘:’_DOE’. MDC‘U]G.‘HOQJ Nf} Modv]@ﬁm Iﬁojfx M i(‘g

MVt s+ s+ + 14
4. The, Maxmum aod, Mol mytam amplifydes o LU
¢ A= Ac (F) 5 A= Ae (1=1)

Max

— D S
S Arrery & iy OT€ TeGullmed f5 Skebth Yesutting Am &ignad for
any given Moduledion Tndex M :
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O Totowd Powler in AM- jdave -
AMAN~  ANAN S ANNANAANANAA

Ly In—3errk of Carrier Powezrc Pc, aad t}-f’

= HL ’ .y
R=h(th) : ps e

S FOREr R EHBEMREE Sp o ipas el b

Ly Toded power o Ride bodg 5 f; = Rt f;g; PCB
2

B
) €
L e R.]LP%J%%:B‘%%B = Eg = B~FR
> Ta dearn ‘%-ﬁ‘}yw-l-enﬂa RMS cumen(y © ﬁ.‘:I:R and B::ICLR-
Nobk - hen M=l R >
LRt s Iy = F I+ M = 3 — I®
o~ c( 2_)/”—‘ EPC |5]%~
+ The Max- trangmiHed powes 15 -5 H¥imes Qurrier Power
6. E££7den ey of AM -
NN\~

INNNNS

Fi

-yL_._. ‘DLSng Foce n HL

Fr at -
Nodz * Max- S%UmLy a% AM 12 M = 5L ~[ = —‘-10‘3335
o Toyed 1SS] ~ foshas E oo
R TROETe Baod Wity of Az M
BN = 21 = S T,
Nhere )= Maxinn Uan («ﬁm‘ ,}ml) . ,{mn) 5 lflzjﬂ-i'fone Ani,

N= ty , For Kingle tone A
'fi,sg: —F-req,uentg ef UppeY side Band :ﬁ+¥m

flen = TreqUeny of Lower Side Rand = Fo =+
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3

OIS 0 .

3. produc}Wr;«— { DSBSC - Generatoy »

FANANNAN

e L> produd Modulador
P O\L —3| PM Jet Fm produces oo swlpud
‘P 37 Tj(, Frequencies
" o O Pt b=
avsiey .
/5’%3M (”) "Pc"'Fm = §L55
1 1%339 PW” T T4 TR URed b &eler Mejﬁg\é@d
| J?'mCVerud.
‘jeci'i?m = }Q ]E AN
e — —SIBPF 21T %Cenkafrecweogf ‘%BPF 18 (E ‘herzn)

i@c_ Py 2 1} Ceorvks %ﬂq,'u?m%tg § BPF 1%
= f* )
(¢ o

lo. Amp\(,&ude é%ecac% &Jem AM = H_gg

" SRRl -

L cosA. cosg = L § coscA~8) + cos (At+8)},

b cos (amg4) === L [§ (k- k) + §Cbt 1))

Ly Acmid). Cos (am}4) == Ac [M(%"%HM(H@
‘{i onlgcd% %c & TImpulse Aigna @
SC%HR): {i ﬂﬁa\yo\}%q_kc De l4a J%—ur\@qm

Lew

M(}) i Spectruen 16 o o PO S S
s SR

12+ Band Widih § SSRSC T8 T Bhggy= W=k,

Wheve,»E (-}, )=
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4

— ] _ — a» -
1. congider g mes8iage Aigna) mit)= &0CoS (AFE) Wiy and &
Carviey Eigned ccd) = 50 Cos (1bo TE) Vol

) Fod ond Akerth the vesulfng AM wave for 15
mModuladios . (VTU-&p)
(V) Skerch the Epedaunn of THiR AM have .

), Fiod the pPowey cf'fgsxipa'hd across a load of loofyL.

L Gsven dala - mMmH) = QoS (2At) .°. ApF &0 2 }m:_i "z
cd) = 50 ©S(loord) o A.=50 ° 32 = 50 Hz
(5 Qf’&unng er for 157 mon (i, fFVar}.L 0-15)
W-K-T for Aingle Tone AM,
sy = A LI+ Reosemfyt)] Cos (2nfh)

The Re&ultivg AM Wave fo U=0T5; Rc=90V ; f =1 and
3= 5007

SH) = 50 [ 1+ 035 cos (2x¢)) Cos (looxt)

o To Sketch AM 8Tqna) - A= Ac(I+M)= 50 (140-75)= 8715V

. A = A(-p)= 50(1-0435)= 15’
S(i ) wﬂf) G )

815V _ _ _ . Amax
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G — _—
(i) Spedwum & AM ave -

WW—W\,

Kk T —the Fezuhing AM Woave g,
stH)= Ac [ 14 Mos (?.?chm-ﬂj 08 (2%4ct)
g3y = 50 [ 14075 cos (27 (1)4)] (03 (27 (S6)t)
+4 SH)= 50C03 8K (SHE 4 37.5.c8ARGOE Cos 2R () b

}?QK,T (oS A- CoSg = .L)_ (COS(@‘:"E’)+ Cos (A'HE:))

S(4) = 50 Cosan (50)F + g;l:cosaﬁ (50-\) F ¥ oS an (50+1)1_—7

S(}) = So0cosan(so)f + 1875 oS an (49t + 1815 cosarn (st

Ta l&og Fouviery Trani{urrn % EqUadion O we %—d’ ® T

SC§)= B0 [ (5=50)+ 5 (3490))+ ES[6(3-49) +5 (3-+41)
+ @315 (S (3+5D+8 (3- boj

% S(3)= &S [S(3-50)+8(3+S0))+ 2215 [§ (3-49)+S (G+49)
+ 9375 [SC3+5 1)+ § -5V

S(3)
A :
s o P e g

Y PR Y |

—5| =50 -49 44 5, Sj >:§ﬂc1/Uentj
(i) Powes digsipatid ALTDSS R=bon. o

WKk T. %__ F}(H'P ) > P= A G- 1Q-5 W

2R~ Zxiod
f= 125 ( 1+®"5> )~ 16+016 W

e

.38 9.21< 9318 ) }31 S PJ{%T&)
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ol A carriey Wave 4 Sin (277 xSvox [03F) Vork I8 Qmplitude

nmodulated b\d a0 Aaudio wave [o-asa’ng(mxsw%)-k 0+13in
‘a“(meSoo&j Vols . Detey mine The ‘UpPes and |ower Side bandg
aod Skech dhe Complelz Rpectsuan of The modwulated —wave .
E&timaly U foka) power in th &ide band . (Vruep)

L Given: e@)= 4sin (2xx800% |2k -
G, Az 4V & —FC:: 500Xl‘03:500k!—f2.~
The Message 2ignal (Audio Wave),

™M(E) = 0:Q ST QAxXI500x +0¢] Sin9n xas50p
Amf 0:Q 2 %—m:lb‘oo: |+S k HZ

4
A = ’ =9500 = &S kHZ
m,= 0| %-rn,_ A
~ Amy V) M .l 5
K Ao oo 4 TE5 Sm0d, PaT R Py

G Uppes Qﬂm?f &ide bandz, (LS and Lsk) " —

INAN NN

r°> LSR) = E(+ @m): POOKHZ 415 kKHZ =501+5 k}iz
Lsgy = f - b = SODKHZ —SKHZ = 492 SKHZ .

> Loe, = o+ b, = SO0kHz —2.5kHZ = 50Q-5kHz

LsBa = f— $an, = DOOKHZ —9-5 kiz = 4975 knz

TAREGD B Gomplels Zpediun 4 e modulaed wave
“Amplidud ex % UWpper &de band and  Lower Kide band 5
—JFrecyuemH Apeue & MAC & that # @¥rier Tz

4

6
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. = .
' Aw»pb\-:!uée ) (urriey %cﬂ;{umty % % g:‘ﬁv
i Amplitudes §- Use) and LSB, iz Hihc_ p.05x4 -
i T'— : = 0:09
(W -Amplidudes USR; £ L TR 4
% plidudes § LSB;Z Lsp, s Hahc _ 0:095X4 _ .095
4 e
complw; &X/vv\rn c&f AM ;ga_cgna) iA
+s(ﬁ)
Cayyie¥ Caxvicy
e S Y
o LSB - o5 - Lse | Us%;og
;.Jaf??:]i T — - _,F'? — OO LS,I’? _T_ T usea
= | = 1 = no0as
, ]
-50-§ 50} # 496 ~493-¢ 4995 AR-S %00 50!51\0:15 4 FYGK) ’
—500 'n KRz
Y Todad POWEE [ Ride Banc[@ ~
faVas YA NNANN AN~
_ - PO
PSB” PL%E’;L P“% ¢ =
W= VR H = 0054
- 0:05 s %
Re= RYOON L po AT g
\L [ QM QR T R Wik
.

Pgﬁ:_ﬁ?ﬁxa‘o:ﬁé



HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight


. 2 22222 = a
<3 An AM wave haz the form,

St)= Qo [ I+ 1+S cos 2000/t + |-5 0540007 £ (0s 400007t
Dedermine |
(D) Ney Moduladion Tadex

() The Carrier power and Kide band power

() 8(R) aod D7aw TR Prequenup Rpecnum.

(‘iy) Todod POURY de\?vevecl B aload of JooJlL.
L Gfven AM Wave j<

Stt)= &0 [141-5 (os&mort-+1-5 08 400 A Cos qoooort

General &Y Uation 6 multitone AM €9 Uutieon —O0
- o mekRage Rignalr R

StH= Ac L 1+ M tosar %M-ft + MgCos a%& %—m;_%] s zn%ci—

- By Comparsivg equateons O & @ We Qi =

Ac=8ov 2@ =15 =4, > 30- lkHz:;%M:élkszi %C:zélﬂkﬂz
and Lood WSxSJrﬁé’)CG R=loos5L o

(o) Nej MOG\U\O\%G}’\ Tnden -
I NSNS e
Me= Vit +p> = 1s 5 = .19

—_—

(Note?

. St iz over
(i) -CWQK &&Wey:_ MM;ldulmk)
2 .
Ly Carvier powey P“’ Ac 802
i - =~ — = Q Watk .
€ AR Fren ©aalk
L siestd povens p o p ok
<y

fsg = s 197 44944 Wats

i Nheve, Psgi Tote) power q||$\cle bcmd,g_,
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i) S s
4D 54 204, Preyeu sredin:

4rom Fiven dula
SH)= Ko [l+ [+< CoS RO00AE +[-5 (S 4wo7r+] COS 40,000+

ie. St)= oL+ 1S cos (27 x loooxt ) +1-5 (oS ax&mxﬂws 2 A X o000
0 T 0 0 T 1
Ac [EY %_M\ M i’m)_ %C

3
I 1p3 QX \p> OX1o

CLSH) = Q0 S & X Roxie k- 4+ 30 CoS QK XQOXITE (oS arxIx It

+ 30 C0S QR XQ0XITH » (05 Qx axiP}

WNK-T  (0SA . COSR = '5_'“[("’5 (A ~) + OBS(A+5)]

© St) = 8008 9axgoxIPk + 30 [cos 27 % (2o-N)xit Cos2n x ()]
X %0 [(oS ;zxx(o?ma)i(og{% + o3 aﬁ(aoJr&)x'Uz%j
SH) = Qo 08 ar x g0x IR +15 [('/oggzﬁx Ayl —l-cosan“x&\xu)gﬂ*]
15 [ oS amxigxit b 4 cos@n X 2ox1c4 )

TakKe Fouriey Trantformadion Fr £yUation ® cam ko ()
sq)=2[s (3 -20K) ¥ 8 (3480K)) 4+ 15 [ § -nr) + 53 m@
115 [§(3-a1K) 6 (3+a)k)] FIS[§ (F+gk) + 3-8y
= 2L .

——

+l;;1§ [S (%—QQK)—‘-S (%'%&Qk)j

0 8(3) = 1008 (3-a0k)+ £ (3+20K)) ¥ 1S [ 8 (3H1ak) + § Gk

+ §(F-R1K) + §(F+raik) +g(},~§&k)+£(H&°‘?K)j
+ 8 (3+126) +8 (3-12k))

-
EqUntion @ %ives T 9 Uadion 4 S(§) with — @
fo= coxnz) = 3= 19KHE 2 7 3= 12KHE | Amplitude
Aneplidode 1oV Fuse) = ) KH2 busp, =@akny [ TSV
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— ¢ compule &pedtaum i
NN

AN\

Method 4
MN-Ks T, _ 2
P{L‘ Fc [H’ %{:J
f=an > ME=R19

85 % Modulakion ?
Ly Given dalg

Carvyrer PoNes: JWhat hii)l be The Yadiate

stt) - (Plot i 5(3))

Gv) Toded power delivered ts a  Adood 6& 0D S 2~
N Save AN NN ANAN ~ "

Method 2 3~
Sinte we already

Ce) ¢t | 29 PC & “ToleJ
Side foqvﬂdfmk}?’a’ PSB )

3
— i P’t = ‘FQ + PSB
FL= 649441 atk P, = Q+4-4944
Pe= 64944 |Nath
A An ~AM-Broad Cazgis

ratel S0k *jo—
dfomear o—

-
. s(})
@méea ) Caimey
X — — — = —xlD
TS |5 ToE o€ LS8L | spy Lsa) USEL
: A . « < = . X
T = Ty = S e = 2l _Ag_ _*}Fs’ /Rg
+Freguenie
- + G
=R R Qo -9 -2 2 19 40 2 3a s

Cavvier powes, P, = JokW ° Ju: 0:25

,‘ TO\OLCO\EA owe v, 2 =
7 _]D't: Pc["f{;j:‘;?oxw“g [H‘ ??é?‘j

[ ﬁr = 68.0685 K|
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r s T , amp
(55 An Qudio Frequenwy Aigna) 1o Sinax (som)t ™A uzed B
ounplifude medulede o Carvier of 50 Stan (1o°) 4 -

Asume modulabion Pdex = 02 . Dejesmine .
T) Side [oamol —Fve%gncjeg
i) Amplttude of each Bideband .
i) Band widlh TeqUired
iv) EEh Genwy % AN Noave |
> Given: mpy= 1o $tn 2w (500) - = A=l = {gm—-sm Hz

¢ _.E_m:_f)"akﬁz"
C(+) =30Sin a7 (|0°)} = Acz:5w3 % ZID&S H 3
and P 203 Given) 2 = oKz
c

¥ : Nng - ) pa
) i o el

'g'ugf): %J— %—m: lbok+ 05k = Io0:5 KHz -
ol e - look— 0-5k = A9-SKHZ -
b= 4 - b,,o 0k 08k = A9-5KH

) Avplitude 4 BxchAide band = %:Mzgv
& pme—

I5) Band Widt5 Yequived : gy = op - g (o.5kHe)
W'
) B GG g g Shoe 2 )
% = P _xiwo =02 o
VL 2+ K" gt o™
% VL: l~°15
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N

QT US> An Amplitude moduleded gigna) 78 gived BY

SH)=[locoSanx & + BCOSRAX L (oS Qﬂxiogk-l-o‘ltosaﬂxloc’k

CoS4T X174 ). Deyermine |
") Ner Mod ulabes Tndex

i) Side band powey
iif) Tota) modulated Pm\)ezf . Assume R=lopLL
Given Am Zignal 8
SH)= [10 Cosgmxift +5 wsmm%. OSAR XI5 & +Q oS AR XIP & (05 4T X lo‘o’tj

S#)= 10 COSQﬁ‘x:ogd}[ |+ - (osaR X0k +.Q @ (SARXID ﬂ

S = 10 [(+0os Cosé?ﬁ?(lug 4 0:R (0S4R X0 ﬂ CoS QA XIp s
Tre Atandard Am eqUedion fer two Message Aignak ik

St = Ac [ 141 osar g & +4y s an ;. i—]cw&ri;'ﬁ—
—@

o Ac=lov: =005 2 P00l %Ml_ixwg IKRZ <] 210640
%M&: 2 X16° = QKHZ ‘}C loooKH

AQNWm Todex ° }JJE @, + M \[ oegk_{_a‘; = 0538

0 Edebard poweserifl= Bt R o W

P -Al _ 0>
QR 2%

A @@: DS X Ooii& — 0.07—9_:_1/4

= OQSN'

B> Tota) modubed |
- Power " Pf:ﬁ'[‘+%L]:(F¢+‘BSBi 0:5FAW-

2
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I
D , L ?

1D An AM Zigna) has the form,

(5\9‘:2*’ S(4) = Cos (Qoont) 4+ 4 oS (R400td 4+ coe (280AE).

A0 -

! Dedevprtrne the Fatio g power fn mexzage Aigna I5 That
6%, power o Unmoduleted Gurrier Aigna).

s Glven AM-edUahor s

S(4) = Co< (o007 8 ) + 408 (2400t ) + Cos (2 goort)

S = (08 (2% x1p00xt) + 4 (o8 (27 x1200%) 4 oS(@7 x |yoot)

e % I—0
I+ hag S—CDum’)en[g) Carvier Aiged ., Lowey ;de band CL%}US%

ol Upper zide band (uUsg) .

s “The —Anpiitude %L@w‘m, Ac=4V.

—-AmPHch g- LS&&USE, A H_A_c_i__ M= 2 2 |
Q Ac 4 o
" AP )idude 3 Me85Ge Bgrad, Ay = AKHLZ 4 X1 - oy (" p= .’i@)
ol Ac
-1 »
Te Rabio 4 power to Wessage Bigne D M o
5 ey ‘ e e
‘%— Gaiey Pones (i 44— Ponery
2R Grrier Zigrud
%’_ = B _ (A \=
PC Az_ = AC
Pm 2_ 2
7 = (5) =09
Fo = 08¢
C
KENATER G Eeneval Jor Any AM Kignad the Rabio of powes

. o, e 3%
Pretedl fn MesSeage Rigne) kb Hag £ @YY Zgna 13 equal ts_}_l_

- « Fo proble 10, ) P = = (0= €
f =
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14

g‘> Congider a - &douge SSB—Moelulq}ow 0% Ahewn 'g—i’gmrc.i.
e fopud Zigna) ConSiekk of o Voice Kignad To q %—req,uem#

Yonge o} 3oonz L5 3-4knz. Tetwo oxrcilalors frequencies
have values  { = lookHz and f. = loMHz. Determine

@ Sideband? of DsBsc moduladed wave 3 appearin} ok
She outpulz g Ihe Produit modulators .

() sidebands e ssB moduladed Wave appearhng ab-
oo BPF's. outpud-.

(ﬂ\) Pa&%‘oane\ and Guard band ?}*]'ND BpR3.
(V) Skekth the Spdiunm o eath 3tage 4 the -

mM(t) Viid) S
—_sipM, [ BPF) PMa. 5| BPFa [__>
L‘ s ‘mfcf‘ AyCosan fc}’
Fiquxdi’® Two Stagae 35p Modulator
\—> Gl?ven . AN~ g"Q/\/\./'\./\/\/\-fv*--
v Frequenty of mid) .Pm: 30002 &5 2.4 KHz
fon= 0-3KHZ &5 34 Knz
-F'req,uem.g q,. (ayrier] -FC = 100KR2Z
Used for PM1 I
'F’Y‘CG[(UEﬂLg q? Covriey 2 ° “ch_: loMHZ
used fur PMa
) The pMt outpPul V(1) (orki8& of oo RZide bands ag
follows : LSR = fcl — gfm = 100K Hz — (0-3kHz % 3-4kH2)

o

LsSg= 99.-Tk = ;
Lé **""Hz tj& -
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IS

ond,  use= § +4,
UsB = lookHz + (0-3kHz b 3+4KHz)
USR = |00-3KHZ & I03.4 KHZ
(Pass)
i owkput- G BPFl : Aggume frat RpR| ix dexagned ts allow
o aVae
R Only USR. Then, RpF4 owdput S, () Fr‘ecl,vemfj
i«
S| = 100-2knz tv l03~4kHiJ
Wy L Pass Rand 8 BPF)= 100-3KHz 5 103.4KHZ . ) Zhown
SN A m
= 99 FKHZ f5 |00.3 kHZ Spethun

—

Guard Band 9 BPFy

4

¢ SPediug) ot eocth &sage -~
- - D

ﬁ

- M(f)
D
&= Spethumy of mit)
0-3 3 4RvzZ Frequenw Sn Knz
Vi(3) A
<= Spthum Vi)
al oudpud . PMmq
L %3 803 ey > TCYUenty i KHZ
‘ " Guard IW—;
. ' Band | gapg |
S((%) N | ' I ,
| |
| | . &petrum) % 5(+)
o B sl
. ‘ .
1 | = 2
1003 03~ > FreqUenay T ki
o T
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" S . - D
4 Stwilatly, The PMa owpur (onsT2E

o%:}wo zide bands @A
'gD“DW.S. (I8 pat 8 S)(1) B8 mezaoage Signal with $dreguenwy
'Fm: FUSB

100:3kHZ 15 103-ukHZz £ Cayvier frequenwy

fe, = loMHz ) M) Prequensy Rarge Jur PM2 -
1) Lsr=z =
i b4

loMHz ~ (100-2KHZ S5 103 4KHz)

Lsg = 9.€997T MHz L5 7. 8966 MHZ| .
usg = 4, + fi,
= 10MH2 + (100-3kHZ & l03-4kHz)
iR = 10.1003MHZ2 Ko

10-1634 MHZ

W owlpud § BPFR @ Assume that BPF2 s destigned b

ajlow  only LSB. then BPFy owp Spt)
(Pass)
Freqgurnwy 23

“ ) =
i) Pass eand of BPF, =

10+ 1003MHZ & [D- |03l MHZ
G"fgﬁixﬁi“‘l‘d ‘% BPF = §.€99%MHZ2 K 1p.1003 MHZ -

&pedrum Si(t)
/\ S gﬁe A
PF]

10- lob3MHZ §0) [0~'103L}’MH\2-['

i’V) Spetrum - /55‘[%)

190- 3KRZ 103-4X Rz > Foepuea
/\V (3) |
Spedsunn V—
&= Vo (1) o IRe
ousput 9 PM
B > Pre
9. 8966 M2 M T wmngtzyg 10. h'dfo 34 Yuenwy
Sa (M)A oy Pl
g Bang [

|

1 ety

. | : {_‘;x&)‘jm%
| .

0. 1003 PASS BAYY “f5.1024
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7

PV A 9SoW cavwier of |oookHz 1S stimulfeneously myodulated

by Stousoida) gignalk of AKHZ, 6kHE and SkHZ Wi muddledin
ndicex of 35% , 557, aod Is% vegpedively. Whal ool fhe
Frequencies pregent T The moduloded Wave Gad Whed 2

dre Yodioded power- Tane [uly 2016
L> efven Dudai- P =g5op) 2 f.= I000 kHz Rifity
Frny= @KHZ - £y, = 6KRZ > .ng—.— QKHZ
I = 0.35 = K, = 0:SS - pﬁzo-%’

i) F ~ - eduloged Wave i~
) Frequences predent i) he MaduleRd Wave,

Ly Caswies £, = lopo KHZ

Ly LsB| = £c—Fm = lo00K— gk =998 kKH2Z

Ly vsp = & +'ﬁ’°'u_: ook + Q K = I0DQKHZ

L Lsky = R~ By, = OOK—6K =994 ki3
L LSBy = Fc + Fmy, = 1900k—+6k = 1006 ki
Ly Lsey = f. ~Fm, = IbOOK- 8K = A99kHY
L LSBy = Pt F,, = Iobok48k = (08 KHy

(1) Rowlioded power -
=

Pe = 4501

[y = \F o+ Ha ok M5 :\/&351+ 0:55> 4 0>
H{_: 0:993%

Roolioded porer, P = 850 (14 o-aqs?f‘)
2

Et = 333 4| ]k
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10> The Tncoming. 3ignal has o midband Prequeny thod~ may

dte ) the Yange 530kHZ J5 1650KRZ . TRe Osotiattd
bood Width 72 1okHZ. THis &ignal fA & be dransiaitd &

a fixed requentsy band (entered o 470KH2, Dertvming
Are Funing Tang Hied must be provided by dre fot) 08CHatw.

‘G?WXT: f.= 530kHz 20 |650kHZ 2 BT loKHZ

fo= 4T0kHz o F =7 . TR down frequeny Tanglak
Fxey

fe WS e LS p= f—£, = 41oknz

Tatoming
S i9na)
i
Locsd
,. 03¢t ladoy
From @tves dode Trang oy owput f = 4TokHZ = f.-F
( mixey)
 LoGd o8 edur —f—req/uwuot; fL 18 Given Lyj;
~?L1T 'FQ"' ?O

When, Fe =530knz = B = 530K— 4ToK = 60 KHZ
Fo= l650kHz > P =1650K—4Tok = {|gokHZ

s Tuning Tange vy Lok 0ACT ljedr Frequenty +, 18
60KHZ Jo II1®OKHE .

I Defermine Hhe Bandwidlh g FDM-system which uses
SsBModulapon o Phedransmiter For &4 Vofce &ignalg
HAthg o Bandhidth o 4KHZ endh.

Ly  Given N=Q4,Voice &Bigralg Wil SSB ~Moduladion .
W= fpn =4 KHZ
s Toded Road Widty 2 FDM APtem 14

Bz NX P = 24 X4KHZ

[Bw: 6K HEZ

* % o A 4 % Rk
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MODULE 2 SYLLABUS

ANGLE MODULATION

Basic definitions, Frequency Modulation: Narrow Band FM, Wide Band FM,
Transmission bandwidth of FM Signals, Generation of FM Signals, Demodulation of
FM Signals, FM Stereo Multiplexing, Phase—Locked Loop: Nonlinear model of

PLL, Linear model of PLL, Nonlinear Effects in FM Systems. The Superheterodyne
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MODULEQ
._.[ ANGLE MODULATION

Lo

-Argle Modulation , 8 a process of qu?rﬁ*\a e T they -F'req,uemud@
Phase op carrier ATgna) o oltordante With tre hstanianeous
Valuer of messagr Aignal, by Keeping amplifude & C@vvier Gnsant.

> Generod €3 Uodion of -Angle Moduladed Kave 13 Fvea b\}

0
Whese, A.= Amplidude of Casries Blgnd

ﬂSH‘) = AC Cos el' (‘Q‘)

GF(:}):.- Angle of The modulded  Aignal
Angle Mod uladion Jechniques are further dtvided tndo two tpes

—> Frequency Moduludion (RM)

% phaze Mudulodion (PM)

’ FWQ%UGOWW "~ T4 8 a Process of al+€ﬁ6\? Fregquen
NSNS\

of Coyviex Kignal fn occordanc With dhe witanlaneous
Values of mesdage Agnal by Keephag amplitude, phase of-

Cawier (erkiant
Ls The Generod eqUedion ®f FM-Xigna) B GFven b%

St = A, Cos [anfet +ank, fmwiar] —@

where, [(Fz{zreweﬂug Seraf HVitY patameser o H2 | vo -

M($) = Message &igna)
© Phase  Mod ulodion :
IS ONASSNANANS
I I8 a process of a\‘reﬂws\% Phase of Cavvriey Aigne] \‘d‘\&ﬂorolcmce
With dhe foRlardencour Value 2 of messoge Bignal:
L> The  General equation = PM &ignad 15

S@)= Ae Cos [@xk ¥ + ¥pmi))| —&
Where WKozpbPhate Sent BVt pavaeeler .,




1+1 Bosfc Depfnidions o-
IS\ N NN .
TRe Mogt Commonly Uked Qngle podulohon —.}echmi'al,ue R

“m% Modulahon
Some of ke bagic deffnifions nih vespedt o Freguency Modu)o-
—dien ore o’ Follow 3.

ST Ry T

The Instantanesus frequency of M- Aignal
deffned 03, [f' ()im= oha |<42 () / m'éhwm W figus 4.

isx mathemald qu)g,

£ 1)

i T o etk
‘ *
AF*——K‘EAm
i ' w A3
Keo
X |
» SR o = ikp Ay

Frqueds Tostantaneous Prequency Frct) oF FRIH9
Ipiatidel e tignd 018

Frem Jiquse 4, follbwhng Ob&ervedieny Gan be made

‘—> whesy m(PH=p - '(‘;f-):—_ ~> Same oR Thad of
- % fc “uameduladed Carriey

by A Peak \/a|ue‘-‘F—
ma) ie, lmwl= Ay,
Mo muen -Preq/uem? of FM &igne f}gl F “)M; FetkghAm
=Tz . 9

© Apgl ot P ciged- Lo
O:14) o FM Kigna) 18 veladtd J5 TR

= # (), = Ft Kghn

Teglemianeous Value , e
v Ci ¥ |
Rianesus ‘FVE‘W‘-’“% fr@) o8 Follows e ol 6
-ﬂz (1)=_1; _0‘__(9';(*) lfrj/ﬁ»(f):- 4.6,

Ar Ar l
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(@ Moximum W(Aav W[AFW_) -

M

T+ Ts the difference berween maximum Frequency o FM &igral
o ot o Uomodulded Ca¥rits Frequenty:
I+ & denoked by af

Man

te, [BF = ¥phm

%S’;F? From dhe ele,gfn‘iﬂ-‘lm é} Freq uenuy c‘w?edw‘oﬂ, T

A-? = Mex. -Freﬂ(uenug of _ Frequen o—F
Mmax Fw) -JET%W ovyrier gwj
A‘Fm ax: ﬁ’ u_) _' ‘FC

Max
From Froguat 4, ﬁ.(—;)m—x: Fet ka,m

R )(: FetKpAmFe

af_= K Am|Hz & Indiokd W $gux .

mox;(

(d) Cab’w‘ue’xmg kL
IW"’IF»E ot jesence bertvecn MaXinmua) aad mwimmum Brequendes
£ FM Bignal o33howsn T FFuK-2-

<. Covrier Awhy & swhng- T
: . Grier 47quenuy i3,
1CQWT‘!€T{3NM§, = f+ K% A= (Fe¥p Agy)
= %t Kp Amn ~ Fe + Kifm
Figu2: Comaiey AWk = a kg Am
e = &A%-qu
: .['TFE* Cowrvier 5»0\373;: ﬂ(a)mq_x 3 H')mio: QXQE“ j
‘ Ax

® Mo (B

T4 iz the vado of Moximum -:Fﬂt?/uenc%cxev‘smﬁm I That of.
Brequeryy ©f messege Aigral. T4 Jenoted baﬁ ymbol ‘]3’_

te, MOC‘ e ) jﬁ:ﬁﬁ%} :> [ﬁ:agrno\)f
B

No uats3
M EM
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I-&. Froeq uenu W g

PaVa Vo We Ve e
&> Degfoe Frequenuy Modulakien . Derve The

For -Freq,uenud,modulwé(d Wawve & a0 Skexch mecessasy Waveformiz.

LS Frequenuy ModuleHon 5 a process of al’rear?m% the Prequenty of
Cazviey Aignal 2 accordante WA tRe imfantancou3 wluea@
message Aigna By Keplng amplidude & Phase of @wicr (nslaal.

~me demadn X pression)

T ime demosn Expression ;-
AN AN NN

- Ler the toztantaneoug Malue o Carviey &ignal 5

CtH)= A Cos@nf.+ >()
- Lot he fn8lantaneous Value of e SSege Ageed 14
™M) = ApCosanfd > )

» We ¥now Roeg e SStandord €9 uakion csp#mg\e moduleded Wave

IENgiEa b(d]’ S(3) = Ac Cos 6,(#)
—>(3)

Whese O;(4) = Angle § FM wove (meduladed ware)
« We know that The Fdferioineous frequeawy fr) § FM Ai9red

(8 gives by £ ()= £ + Kp m(2)
— @)
twhere, Kk = 4F~fec],uenuau Sensihivity
M) = message AiGnal
' e know Thed de Angular -Prequency,
wid) = 9 B1¥)

oo
7 fr(—j) = o i
S f) = 4 d )
A~ o4

(5
Subshdulr 45 (4)= p 4 K M) @ equedion (5) weger




fKkem®) =1 d6i@)
X o}

o O+
= ) Anfe +amKypmld) — ()

FAPPY Tadegrod on bots Sides of equadion ) we g
RO
STl —

N2

&w) = aﬂ? + 4 anx Kg fm(#)dl" f)
—@
- The Genevad €9,uadion F FM &ignad ix

f [Qﬁ-?c +anA Kf,-m(*)] at

Si#)= Ac CoS B¢ (4) Wl equation (1)

lS(:t): Ac Cos[&ﬁ{?c:r-faw Kg_fmu)dg J —(®

CYuadion (@) iR the gererod eq uodion of [:NT;STW ' oy
me sS nge /s'igmj n(F).

for, m(+) = A _CosaAfT

.y )
fmu)du = [AmCosaﬂmt dt ( CoSmxdy = %\D
= Am . S &’E?m(;y)
o == ()
Sz A CoS [&m?(*—i_ an Kg_x Arm Sm(zﬂfmJ(]
SOR IR

= Ac Cos[anRt 14 Ki% b i g% fut |
)

SH) = Ac Cos[anfed + P S0anfed] 7
' ~ = (19
Edion (i) 16 e glandard EQuntitn . FM Signal for

R e gt S

The vequived Nawefwsmy ot m@), coy 2 s /Shomm n Afguse @) -



HASSAN
Highlight

HASSAN
Highlight


)

ATSC~ - - - - - e - - & Messogesigrl
\ , mut) = A (osan} 4

~

- Cavviey
é /Swoamd
C)=A CCosaB[(,r

!

/\/\AZH\M R
_vvv vvvvuuuM

Frguse(2): (a) MeSSm@e Zigral ’m&) (b) G evsSgra) ((4)
(©) Fvequeaty Moduloded -(FM)Aignal.
Figu 2¢) &hong e —+Hmue demauin Tep R Sentation of FM- &’)CJN«J
S4) &howa  €g.uedion (10) . The Frequaw e Sty Lneoo)
Vazigs Wil 'r%,oecr,h mMesSoq /namd M(T) .ie. m+ lqmﬁ)j

N

<

I'?- 1 phoge Moduladion -
AANNC NNANNANNA ANANN .

« I+ (6 o pvoes’ of adtertng phose of Carviey Aignod T
Accordance Rids Jhe Wwrantaneous \Valueg of e SSage A grod

M H b‘d Keep‘ns\fa amplidude & Frequency o Qwier Censlant

THme Domoun ExepresSion of PM”K?S"“"J & Fven b%
StH)= AcCos &3 (3) o O:(H) = Ak T KPm(H

S&) = Ae (oS & phazk Moduleded &ignol
c (0S {aRFed + kp mer)] / o-soral)
W heat 1 = f&g@m»hvn’n&t payamedes .
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* . - ™ enyy Mody ledoy
W3 Imploveishon o P Xttt 0y P Kdue

Faeqenu vedustor ing Phoe Hodulter

INE Kknow thed The Atandosdl equedion. of FM &ignol For ony-
message Aigna) my(4) K @iven b«f

S(4) = Ac (o3 [&WF@ + ax k_]?_ f'm(’r)dﬂ — (1)

Similasly e Seodard equakion op PM-5Tgna) P any message
Bignal mi+) 18 given by |

S = Ae Cos [anft + kpmi)]
2 Copasing equntions (0 8.¢), 14 &5 clear tho tneve 15 o depfutle

Po/smbufr? o hmpimenHm? FM-Rigral Uskag phaze Modulator aad
Vice- verza -

Cose(i) ° I i -
R IRimeetim o EM Uaog Py

mit) ..Imegmhr Jmipat Phage MDdulamgbfsi

’W
AC CDS&R#(T
Caxvviey 319na)
WL Gencration § £ 0q-sigme) ey haz yiodulee

b ey Chaoging phase Kodulator fapud Aigna) Ji Fmay o we can

Yenesali FM&igna) . 04 Bhewn D +Haguxd.
Cose(ii) * m A
RV Tmelementation § P g pi:

mi) K F’TC%UemLH ' PM
- DI‘FFQTQV\}IO@‘O‘( im(f) MOdu‘W Cg“’%mj
at :
Casieys Bigna

PR : Ganesadion 5 mw,\}&mﬂ’l;
Ls By dﬁamg}m? Frequeancy modulabor o pul Stgnod B e Zr_rzﬂ(.a‘),
We B0 Genermlz PMv- Signal - o8 Bhown Ty 4iguac ).
D
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s From Figuse(1) & Fiqux (@ T4 8 Clean thel kot pM 2 v
Aignals ore Covieleded v cach biRey |

"t T0 M module, evly Frequieny medulation s drscusied
olfggjl. TE Yequived PM-Bignal £& Genevated by Usng Indired— metod
03 Ahown ™ 4Fgux @).

3. clasariCation of Fvequenty modulated Sgnals:-
Depend 9 on-he Value o modulation fndex ‘B’ and channe

Bandwidfh FM- &ignalk ave clagzipied tnto wo two Hypeg
i> Naryow Rand EM

i) Wide Band Fm

> Naryord Band EM *
ANNANANN - ANNANNNA

I0 Nowrvow band FM &gnal

Ly The Value of moduladion Bndex B<1 (Lesstran 1)

Ly Onlg—l-wo Avde bands aze presen)-

Ly TRe +Hommission Channe) Band widd, B =S

L The mexsoge =ignad Frequenny, By 8 In behween

30HZ I5 3KHZ-
L—) Maxamue Pmameoba deni abion i8 1§ KHZ
APPN cabion - Nawrow band FM-dechnique 18 mednly yged f
Speech Aigrod Jras’mission
EXamples Mobile ommunittion

1> Wide -band FM 5-
AN ANNAN

10 15de-band Aigna)
s e Value o modulalion éndexts B DL (Greoserthan 1)

LS Taf#ils numbes of &ide bands one pregent—

¥ol> The messoge gigred frequenuy) .0 & W betean
3oRz Iy 15 KHZ-




ﬁ

¥¥r The Randwidth of Wide band EM &ignad Can be @lcloted
Fom Carsen’'A Rule Ahowe % €3uchen ()

~ ”

L The  Mayximuam Frequenw deviokion ts TS Kkhz |
RS Hers o Lidk bard p -
¥ Wide- band ’:M"J’GC"YJ]TC};UE 'S mc\iznfg wied fn H?% C*iuqlfl‘%
MUsTc Algnal tranzmissien.
Exm)e: FM-»CLannel&

P KDBSen edriren Nowrow band £ and Wide band £ :

Pasamyeder Naz50 0 B andl Wide pand
F M FM
1. Modylodion Tndex Lessthan 4 Gireades than 4
P
2- Baad wid
i EilzS & 4 Itk
3. ‘Numbey i
Stde ba:;g TiWo Inflfni’-i-?:
T e el AR
4. frequeauy of
Messoge £J4 | SOHZ B ZkHz  [zZops 4 s Khz
L ]]
il = et TR, LA
. Maxisuwm B e .

6 APPK odion Speech Afgna) Txn | Mugic &igred Txn

EXS Mobijle Ex: F¥-Rtadieng
Communiadias el
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Sdamsmnitibond: PusRiens el (TnddediD.

Ls Narvonw band FM &£ignalg are Chavaderized b'?l moduwm
Fd\o\e/x,j% les’ than 4.

Ls Namow band FM &igna) €quedion o be dexived from Genersd
FM equotion for mid) = AploSanfn(d) , 08 PollowR

SH)= Ac Cos[onbet + B $ia(anfp)]

O
€Q-uoahion (1) I8 generad M equadion for m(t) = AmCes(@rft) eblaing
) Sechion )9,

WK T Cos(A+4B) = COSA.CosB—STnA-StnB

M= S = A Cos anf ¢ Cos(R3in@Afyt) — Ac Sin(ank 4) x
SIn (B Stnarf)
>@)

Far Nawow band -p M- &fgnals p<d

. The Value of ﬁ;s‘in&ﬂﬁm—} becemes 1e88 Hign i«':l@ﬁee.cnd
I+ approaches almost 0° “Treredove

Cos PSMaaf ) ~ 4 ('.‘ Afm (056 ~ ’_1)
—@ O
Sin (BSmaaf 4) o PStnaat s  ("f)m she=g

6 o0
—4)

By Sub&ttduding €quobieny ® &£@) fn equabon ) We g

Nawow band £M Lignal

St = AcCosamfcd ~ Acp- Sinanft - stnanf, ¥ '

.+ Nawow band FM &fgnad Conrizls  3- ngzf‘c?mg)(w 5

L fo = Gurier Kigral Rame ok Hhod of-
-Ecw-,ﬁmz> Lower ZnO\e ba\f\d /S"ﬂﬂclﬂfca‘ A /gi?(a,rw .
B4R => Uppey &de bang .

- "« Todad =Hons mi ssion Rand widlh o} Nawvow band Py  {|'




Phag Modulodoy

T A
Messoge  J || Predud N;W;u:/lqu,cl
e Ime
m () Sigred froder | 7| ModUlntox Aigna)
A 008 QR byt | AcSingag.d Alcosars
l
|
|

A0°
Phage
Shitter

Figucd : Tndiged Mekod o Gencrning i Aol Uy
Phosr mdulodor -

Figux 4, Shows The Tndiredt method o} %ncfnxﬁa'\g, Nawrow band
FM AiGned Zhown 5 Jiguse @) ‘U&T‘n% Phazk modulaler.

Com}‘;er
4 Aignal)

T

Nole: The Band widlh vequired 6 tvammit Namew band Fiv

Ligna) A Aome oA Thod G ANM- Rlgna) —Fransmission chaang
bendwidi ﬁm;

* oK

W Skl I T

sl Ampli Fude Freq uea ty
arameder \
No. | P A Mod lakien
1. | Alerng Amp) fude ?T@Cpuem;d.
Parameler of
Cawprie
L | Gork¥ant pasamt -F?re%emuq aad Amplidude, phase
s of Quaries Phage
3| Modulien = K. A <1 ‘ L: _A‘_Frw
Todex R B, =
PL1 (Nawowband)
B>1 (iWtde band)

B
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Ampl1dude
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Nojze Iaﬂmwﬁﬂ

TY pex

APPI odiong

Affeded by
Noize

- Dsasc
* SS&Sc

Ltm3 di2dance
Cemmua) end5on
xs Rod ‘J[

: qumuda
S| No pasametey Mod u ot an ModuwlaiH on
‘ 2.
4. | Tramswisd Rz Pe[14 M) Pz A
POWey = =L
S. | Maximwmn = 23. 33/ = {00y,
Power effn U&nu‘\f YLWQ VL’ﬂmﬁ
(One /nde power asd (e A\l Hhe HranimiHed
axryies powes e Powey 14 el U )
Nosied ) Powey
/Nqﬁow\cam‘
6. | Bandwidfs « BRIz &y, BN= Ofm,
Bz
'5'?@-‘- &\Abfﬂdk;g
(Wide oy )
* Band widts iA - Bood wid i, depends
Todependerd § Modu- | on Modulodion To,y
~Jedian Tad ey (Wide bang o)
3 Range of Covexs Large Covers |trfied Aren
Cemnmuni Guon e o '
EX: Radfio BX3 RM-channcly
s Complext iy Le 35 Comnple Moze  (eanpley
9. Cos 10 ex pervsi Ve EXperrive

| Immune t5 Npize .

l
'« Nawow band

* Wide bayng

Shost di&tant® Gramyaj
— Cadhan)

EX: FM- Rlahions.

12
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Nomerial problss (vivers & Adkrasl
e o Pk s
b o) e of dogk e pover
StH) = A Cos (&) .o = %Wé *mz;&
2. Generw) ©9uiodien £ EM Wave - | PM@A{W
Std) = Ao Cos [@Af + +an Kf j'm(H d’r:)
for m(3) = Ay, Cos QAL T
SH) = Ac (os [anf + F fgs?mzxfm{)
> FRleees fecguoy of £r Sl
f () -“—'-;2'__/_{_ _%?1(@ 261 = Acgle § Fm Agred

" TR Ry Dedient-

aﬁqu:— KﬁAm:Px'Fm <, kﬁ: Frequenwy «Ser%:%"vﬁﬂr}

Paranieler .
: MDC]MW&W\IN(\C\\%Z(_ [?] e
= “Frro © B<1 =>Nawowbard £ grod
v R>1=> Wideband Em Zignal.

6 Camies Frequency guing -
Carriey ZSNhr\; = & ap

Mmax

-_ Wide bard M Bic
* MMJ% o - BW= &Fmd\'&éﬁmw:# CARSON’S Rule , W

* BN =af,) =>Nawow barg £~ Aigrol. B
= S ——— — ——— e — — 13
D -l
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1, The equakon for a pM Wae I,

S(H = 1080 [5.71%IF+ + 5 Stn 12X16°F]. ol cwals -
() carriey Pxeﬁ/uency TunelFuly - 201%
(1) Meduleding Frequenay
(i) Modulediny Tdex
(V) Fregencwy o}e)\/i'o\hm
(v) power disSipoded 1y 1008). .
Given dadel =
Equedion sf FM Aigna),
SH)=108In[SIx1F b + 5 sin 12x16°4)
Wk-T. Standard eyuatian of Fa Aigeal,
SH) = A Sn [Qakd + psMaAt =

—®

e,

By Composivg () and (2 We g~
°27Y+°C’-‘ 5.7 10° > B=5 ° anf, T axio> A=lov.

—

= 90. Tlgxlo6 HZ -

Q MOO’ulo\Hr? Froquency ¢ fp = f@(glo 1+91 X 10° HZ -

i) Modulo\%onjnolex** ﬁ 5 . S I8 Wide band EM sl
Sinu ﬁ?l

(') Cayvier - Freo]/ueauf fo= =2 Ixio Ix16°_
ax

(iv) (:'req/uenuf deviatien [Afmm]

N"k'T~ ﬁ - Mm)c
=P , z
AFW = PXF = 5x 1-9xi5° = 955 XI0° hz

(V) poner diasipoded ) 100 @

P Ac - IO — oD -D,gl,\]
R 2xin 2xm

[
L

14
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2. Wheay a 50-4MHz Cawies T8 ﬁweq,uemosa modulettd by a

Shusida) AF moduledfag &ignal, dhe Highest Prequenay
Yeached TR 50.405 MHz . Galeulalz

() The Frequeny devjodion paoduced
(H) (awiey /gk)\nﬁ of the Wave .

()  Lowest Frequenuy yeached
Ls Given deda P = 50.4 MHZ -

AX

Dec 20l¢|
TJao 2013

(1) The < Erequeowy leo\hm szclucaa
Wk T :f) = £+ af

a{i = F H = ﬁc = 50- 405 XJ° - 50-4 XI0°
Morx
A]ﬁ ""0 005 x10° = 5000 = SKkHz

I
D Coer £081 ken ey sving= vt

= AX5 KHz
= [DKH3Z
(i) wa— -PreWemuae weached *
=P -
’F. (+ )“ﬁn '?c: Fmo\x
= NST. A ><IUc — "Z—SMS%
f;14) = 50.395 Mpz
Min '
N\&E ® ‘ﬁr(*—)

S - _,{’T({,)m“:xf(fbﬁmw

\w Cowier SNy = 22,
Ataax

= = =" FT H)M; FCGAPMAI
F’fa,uae,f: ﬁ? 9—) # PMM gb\qwt\ag TE Mo ) s

MOEws e & COURE SN 15



ﬂEol\w)hn%‘: Tune | Tuly~ 206

i) power in modulted &gna)
i) The Prequenwy deviaion, of ‘
i) The APPYOXTroalz Frargmission baadWid 5
L &iven dod 2 “Tre —Angk moduladed Aigwd (FM A7gra)
SH)= lo Cos (27 X1o*4 40+ 9 SIn200OAL] —(@
N-KT the Kfandord €9uobion f Fn Zigwad is
SH=Ac (s [27fF + P Sm anfat] 6
ba @Y\/\]Oarrlrf () &(&) Ke ﬂ-d'

AC‘: bV . &KFC: SZK)(IOé B J_'Z): (¥ &NFM: 000K

= .= 1xitP hz =>f =1lovoHz

) R Pzbe o e pe10 (= ihien
2 defau - \alue

Pi': _lgf = R:LQ)

X |
1.) Pf: 20 K
| Vs
Prsueny devishen (of, -

oF = pxf, = 0.2 x1o00= 200 HZ -

Max

WA L <g ndwidth
) Tiargmissien B"‘,\,i,\,.,

NANNA AN

for Given wodulated 5?3*’@ , p=02 <« 1 &% the

Given Hgoa) 12 Narnow bard F X 7’;‘8”9‘5 ‘
: A== _ 9KHZ
BN, =8, = xlevo = a K

16


HASSAN
Highlight

HASSAN
Highlight


17

4. An FM Nave K o|%Fﬂeol b?f StH= 10Cos [4+Sn6ad]).

Fiod the ijaniancous fregueawy of  StH)
Decap_o!q./

L qiven FM /&%’W ot Jen-zo\¢
SH)= 10Ces [R+4Sménd]) o
The Tifantancous freguenuy of S W6 GFven by
_ |1 d L@j (¥)
Poy=L_ 2 l9@)

QA dt
o Gives &igred Angle, 8;) = 2+ Sinént
Ry = . d [ sment)
A dt :
o "-*cl nmA
= -;%-f £O+67!”Cosé7vﬂ ( e = m- (oS mx
A
- __ﬂ;CoSé?\f-i'
AN

.0 = 3 Cos m&—W

S- A swusoida) modulading Wave of Gmplidude 5V and
-qu/umui, 1KHz fs opplied to & Frequeawy modulator .
The Ff@wem% Sersi5vity of the modulatms 7R 50 R |volt -
The Qavier %%Cf,uemuzf s |o0KRZ . Calculals
(1) The Frequenwy deviaki om (lD Modulahiorr Tndey .

Ls Givendata: A =5v: £,=Iknz - kF:b‘OH%lthu.
fC:IOOKH%.
(i’) Fﬁvfuf\ﬁmf MM’ AFM;: k<£XAM: 50X 5 = ASOHZ:

(i‘l) MDM‘W /J:«/\A'\clixj’ )52-__4;“_"‘*‘": QS-D = 0%

Fon | X103
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6> In an Fwi Syt , When The Qudio frequency S S0DHZ

I&
and modulabing Voltege &5V, the deviahion prvduced
)

f5 SKHZ. T$ Mre modulabing Wbliege 18 fcreazed to

T5V, Ccalewalz thy new Value o Fresueny deviahion
Coltwlolz T modinkedion Bk B €adh e
L Given dodan 2§, = So0Hz * A~

sV -

> K‘f-z:::F...

'5—)(!0
Awm

&S
= Bp=2F _ sxo

Af =5 KH2Z.

= X0 = A KHZ

M= AXIPXTS = 15 %16 = 15 KHz .
- 2F _ 18
- 2r =30

F .Fm 560

T The Corries Swing ot a Prequenty modulosed Lignal i&
TJokRz aund the Medmb\b'ﬁ &

IR TkHZ STve Wale.
Delermine The modulalien tnd ex o F™ AT gval and Rawnd wid th.
= G‘M? Qurrier (WMj Jo kitz

Az .ﬁmz”l KHE - l3~
Mok T ke Modulbdion Tndex,
P: éFW\?‘
F
! =] 2
Conrans or Shlng = &é‘tm'\x ok

= 35 KH¥ _ 5| >1 o TH IR wide Rand

TkHE

M Agngd
‘ nwg Caxson's w\e, BIW.= &, +Qa£ = &XTkHZ + Q% 32 Kit

qu

_l4KH2 + TokH>
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* Transmission Bondwidth of F K- &ignalzi- [Cawson‘rs RuL«J
NN~ :

MNNANNNS . AANANSS ANAAA

e \(no»o that Thede Qe “hwo- +ypes of FM—&%MIK,
£y Narow- Band FM-#gnal  (B<1)
s Wide-band FM-&gnal- (RB3»1)
The -Appyoxfmode , formula for ?Mclw\?—i—mr%wuxﬁwﬂ Ew’dw:di‘q
By of FM-Agaals 7§ Given by Cavson's Rule”
—Accomlu\d & Carson'® formula (s oule) fhe B of Fl- ol
in  Gfven %‘é’
© By = Myt ask = abn (145 ) =ap, (1)

e

ho b= cj@\/.odvon“m\hos —?—{-

)

Lo, Brz= afytaat=28,(14D) o WRFM- Aigraly
CR>1)
iy 13 p<4 for NBFENM

oy oty

e, ‘Ac(om\i‘«& +o Grkodd vule, BW & Fd- Fagwa) 12

Rt 20P =afi(11D) 5 P71 (WEEH)
BNTZ { APy 2 B¢l (NBFM)
S‘Q"\ﬂk

e ———

Nok 2 TRe  Deviahien rwhio ik Zume arthed § wiodulsdim
fmolex?{; £

L., ﬁ“’ TE

—_—

‘FM Dw:M-scm 3'0\.16‘4
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Module-2 C(enhnhuahnm

CE— - -
BEGenevotion o F M- Waves -
” NN

S~ — NN N S
Theve are Gwo bag Tc meﬁ‘«oo\g of ?enefo\}%'r? FM-Waives |
1> Divect Metthod .

LIy Indirew Methoo (A'ymg{—mvxoz Moclulcahw}
Xd¥ Tmpahs
> Gensxeien o Pregugacy modylaed #ignal UsTng.
BIRECT. 1 0D -

<& Explain generahion ef FYG‘}uenuj modu loaded A19nal UE g

CJTY‘ed et oo | ViU J’une/JuJ\f-Q_o):;_

(5™)
Ly Tre Dived miefod -wRex @ &lougoidal 0RU lledor, Wils ene of-

The Teadive Eemenk (example: (apactive element) ) I

Tdaak Corcurg of the o&ch)lodor being ol?zreu»ﬁa Cesvoo Ved E%,

dme egRage Aignald , md).

-[-> In dived method of FM-3igna) Fencrotion, the tnRlanaveous
‘?Teq/uenu} cr!;"ﬁxe Cazyies AV R Varied c[T'zredJ

= dance wits e messag e 5T%md'

% Figd, ZholR O Haer_lj oA leatoy N which the Gpad+ive

Comporerd op. The ank CArcutd.id, =l e eC;—I

()
CH) = Co+ Kerm(d) (%) Kemit)

”L’”e) Co = Toded Gpadidance & The abgence of moduledion .
Kc: Variable G\Poqjh)y (\S‘e,n%'l'ﬁvﬂ‘y,dff Vol"@\ae CLvomaﬁ .
m(t) = message BAGna) =R LOS(RAE +) |

# T O ctor —

L L)
[N

Ffg:1 i cdanHag e dljocrar
T D
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1 i fven bxj; 0
e frequenty of the HavHey padllator 5 G

| - Where cd) = Gt KD

e )
B QAN +Ly) )
Eetdy—. !
A LA La) [ ot Kemis)
’ =
() =
f LA \/(‘—1*’-.‘1) dor Bty B_Cm(ﬂj
oy \ .
M e R > toheve £ o —
! JIT e o A ATy
Co

fi) = £, ((Jr Kc mm} o

sﬂ% B\ﬂbm\O\)'_{'heOF@m <{+B(> /:1_

= (=)
2
Cr+ Lfmw)) A (i & mf*))
QG
TUAING Chuedion @) T (1) e get —®)
B = £ (1< keme
Ler 2 Fme =k = K Where Kf: %?uem‘j&gﬁﬁ i
¢, g Pasamekey
- Rt 6 4 ke
‘FO

ol = F Kem(t) __
fmr Linusvide) e ssogte Aigned | m”)“/’\%{og&ﬂf o

R = Kje (oS (7 $1)

\Ur
fel) = ‘FD T Af cos Qrf ) - lo;;eae i
—=(5) Kf Ffregen -
E%O{‘}‘I‘BY) &) %AVGX the %w%}en}ﬁneonw "F1jS/uenu.d % C\QVWJ’\OY)
M- Dave geneystfd Qﬂg ’UX”“’? o redd— wehho,
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CoEEE— - )
L TRerepore, tre divedt meltod 18 &dwight Porward to fmplement
ond g Coyable of pwovici“ﬁf} large frequency deviatien (af).

Ly One ef dhe majoy limidation ef dhe divect method {8, the
Carrier Frequenty i& Mok obiained Prom a highly &table
O&cillatoy,

L3 16 overcome, ki T 4ation o cloged Joop peedbactk &ypstem
Por the cavrler Erequenty &pebiligadion i3 “Uked Lo

Provide Frequenuy &tak lized FM wave. Thig arangement”
& &howmn ™ Fr9. 2.

, Vollage S bty
Message ?»"'cOzm?f; o » saabrlizéé
Signa) | ; ‘ FM-Wave.
M) 04T \atos
- x Coyria)
Low- pass Frequency o S i
' | Mi')(ex- e ————. -
Filier déSCKiana-Foz * Gedisia
: carmiey

FiQ.2¢ Cayyies frequenyy &iﬂw f Dirved method
520 generadion
L ij,z CorysigIx of Ca'hw‘sjaJ D& U lladoy, Mixey, Foequenty degC wimiA
—NadT , Low-pass £iR¥Y aad Voltege (ontoolled pacilator (veo),
> Thi& Cendiguration provides
» Good #req,uemnbp Zdabt 11 fy

« Reguured frequenwy deviokios I ?QnemlT
WaFM

o COMMM—PWopowﬁonmﬁiﬂxi %d—weeﬂ %&PW
TXe0up ange b pur veltage charge
. the wequived WBREM- Nave & obdained:



HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight


i Fredr M s
s e e
<& Explein) The Fenevadion & FM-wave *u%'mg Jm"'?ff’d“
—Atrmghon? e thod:
Ly In the Todived method, ke message Signa) & Fivst
Uked 1B P“wcu,u(e ,':',‘1?510&:5@“,@@"4» Which 38 followed {D\j
mﬂt‘if /@mcr I inerveare the Freqgueaty Aeviati e
I bre delived level.
(s, The F’req/ue@ui mu i plier P?roduce% Wide- baod FM wave.
Ls Iﬂc)fw@ method of FM-generolits Sthempe 1& algo Called a3
te a8
e Armsirong. wide - bond - Preguency moduled s, Tn
l\_/W\/‘ NN oY SN F~

Tecogrution of TR fnventor.

Ly The Sfmplipied block dlagram of =% T\ Trec) 9~ Zesten

& Bhown 55 %«W_ei._NBF,M ,-

S AR et
; | |
Messege §ignal Nawrowo-kand | 1+ - o
M) 1 Toleqrator —»  phoge U@Ljenfbf i (?d
v Modu ladvy || MUipier| T pp
| | | | KNave
| T ,: sl
| s }
1 Coys tad :'
: O N adoy :

e e o s i
fj\i\fl ’ ’&J\O%«dr byl 'thmq\j_'@d @\/@J\b\od ef Cgfmez"o\}-iq%,
I~
A Wide-bend FM- Nave
INSNANSNNINS N e

s T Fig.4, the messoge Aigred m(#) T Frrat tovteqrated and

+hen <Used 5 PhoRe- modulate Q@ CcavTiey Rave Jeneyated laat
ador which: Fesuls O a NEFNM (Nawow bane)

Crgta) AU |
. wiey Freguenty £ ewd mod ulodion

ExNave) S() widls Ca
’Tl’\C!G'X ‘ i?)‘<1)-01& RQL\DVOC\ 5 C),Q/UO\'}’;UO 5

S(d') - AC Cos [&W‘FC‘? —+ A K{g YMIi)df]

=
Ls ~1he ~uge of. (m_}g}ed O &K |\ ador P“a‘ovio\&& F—m‘{/uen%&ﬂbﬂ?jy,
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Ly The Nawowband FM-wave & mext muitiplied 5o ﬁre%uem%

bcd "U/S?ng, qu;uemud UL plier.

L FTeci/U@ﬂuj muuds plier ]D'wo\uce;s‘lﬁe reqived Inide band FM
Nave,s‘ (4) ar Zhown ¥ Fig.2.

Nel wwow band ‘FBTET
FM wave s¢4) | _ And Pass -
: y| Memorless | e | ide band
NRFN Nonlineay deyic Wil5 Genter \b—F i
€ '?Y’GC@U?G’?U.! M‘S::]y\ad
£, sl(#)
S el
Ra2 Bass dagram of Preguenwy ma b plier
ANNAIANA A~

s A .Preq/ueﬂud MU plier CongiilT of a memoud[e 28 Men- |faeas

Sevice Fo |lowecl lm} a baad pass $ilkey Hav?n? Cenfer Rreguenty
it

L The owbpud woltege of memonyless non- limear device ig

WiH) = Q56 + 0 SYE) +ags3@)+ ... fa, s
: ()
Where | S(4) = Nampwband Fri-signa) 1845 Cg(’o';p')e/(%dweﬂ(#
?C ane moduwladiesy Sndex ‘;5’.

€, Sz A, Cos [AAL &+ +aa Kp fmayds ] and 7l
instantantows Prequenty 12,
Fofd) met Pyt Ky mer)

L ohen W) , The ouwdpus O nen-leey device ix Fassed %mgé

@ BRPF lwav,\«\% (enber Frequenwy “&ﬁc‘\/ e et requaire
Wide band FM-&igvod ey i
Slts) = Ac cos [Rnfe# +aw Ky [mity o] 7 -
2)

ik "m&‘ravdamzow;fvwm e .. Resriwee) WRFN)

—

ﬁ'(f) = £+ Kkpmt) & obvained.
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y b = IWg - i s pl B
Pm;z OM& M Wit Fx%sfgy mulhg\\ej& W

o

Nok & Frequenwy musdiplier,

B R
f Frequenyy xef
MHlHP\ih’ Y\Kﬁ
n Y\XA}

F'Tecr/uemy muahplier, oudtplies the Tpwul {?r@wenuf,
Moduledion Tadex (p) Freguenyy ckviaHen (£)) %DL o
mwf"“'%m “ﬁf\m “_7_]_’1,

I A block ququm of FM rangeiter 14 Shown o Fig 1. Computy

dhe maximum Prequenuy deviabion of of fhe OWIPUl of lhe
M Fraskmiftey and the arpies -Fzreq/uenty,.fc. £

f,=aooknz, £ = (0:2Mnz, 2f=9CHz, n,= 64 aod n,=he

M (t) Frequent
%r Pl by

X n.
£ 4

FreqUency StH
Mudipli ¢

E917 BM . ransmitier -

| ANNANNNAN_
L—> Solwlon +_ . : : Vaeeeb LRl .
e e T e e Ros A s R
, | :
= A =6 = -8
F =amknz AP = NXNXAE = 64X48%AS =T6-8KHZ

A‘F\: Qg)’f}‘ L—> W/C\/\QEC@T Wu{ ee ._FC-’) o&w;ﬁ ?._
= [0.8M¥z From the  block djoqreia the (aviier Freqeouy

n = é4 -Fc: Y\Qxfs (1)

MN=49 . : 3+|o-9 :
‘FC: 9 %: szi—'?LO = 'V'le'? i’fl_or:(élﬁX&DDX!O“ Xj|o)
A= L= &M I MHZ

£

NoxPa = 48 (23-EMH2 T 2Mn2) = 112Q-8MH2Th ;

l
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2. For a Wideband Freq uenty modw oy, PP a Mamowban
Cayvier , {6, = 01 MRZ, Seford MvTied };:qosmn% ;

owrpud Girview Frequency = 100 Mpz and of=TSKHZ .
Calewdods the mLuﬁP]k(f?zﬂ% Patror3 ‘nlcmrl N, If NeFMm
Trequency deviadion i3 WOWZ Daaw fhe Auitakble block

diogrowm Of The rodulabor. (6;):36;3»2
Sivea - <(Yl rﬁ-&{)
owpud Gwies, f=ipoMuz M) Frequeatey | ‘ ¢ fry fe
overa|| Frequenuy devidion NERE 'T> Musiples |27 LAk i ;?
&9 = 1Skh2 fwr—-'\‘m?n —1 nx
4’,: Os) )2 (Cpmr}eri) éFL SOHE ';
= Lo
,{?d: QA<M P S Low O5Gi)lats
0SG |edus , o=k
7 f’re?uenu{ = ! Ebckdicgram - =
= 2 : e ig
W27 R o given dua T ot fregueng—
: deviehon 18
SF = oy a— NeFs
‘Fi z Fees/. deviah on &P = XNy x Aﬁ]

= ilipeYp= Sk = Fopipe 3
= = S8 %
af onz - S D

Tt densq, - TnwT)
> I

-qu,uemkﬂz Mulbelievs

The ofp Preguen v & } - (7\1%‘) W3 E‘l [Mguﬁw;{\g Lower Frequensy]

Mixer (B : Ie= RF_EI..O
= 0
Foresgueawy nMuahplerd ; v
ol “ },;—_ fos nhz(omwf—iwmy%)
p -FF‘Q%MQﬂUj KX e
’FC: hQ<h\%|"%&‘>
o= MMa¥ —mnyl Nk T
| 5.0 2. Pl
4 ; mn,,B“Ho)

QDOXIO£): 3350 X 0<1xI0 —-'T\QX%SX!OQ
6

M, = 8750 X 0:1X10° —\00XI08 _ g qc

9-€ x 0% T
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kN
(3 An  Qngle moduladed &igna) T8 wepresented ‘OLJ'

GAven -

S#)= 10 Cos Lamxif - + 5 sinQoooat +10 $in300044) Wik

Frod The Followiog .
(*) Pores T the modulated Aigned AN Frequenwy devi odhon

> DeVialion Bodio Livd phaste deviadion <45 TV g s8ion Band kidts,

S = 10 Cos [Rax1F + 4 5sindooort 4103 n2o0ort]
Sft) =)o Cos[a‘l/\{fcfv + B & »/\:mef TRy S V\;z’”?.f’l
- Aps=love £.=1x108 - TR =it m — 1000#3 2 By= D 15 [ SeDk

9__
U}[ R =8 |<—Nosmalizd

<> power 9 Moduled ggral: p _
; «QJZ Value .
SR
L a —10= 50 N,

iy Frequency deviedion "¢ "
oK T Af = Bx§, < {or Kivgle wirgsege % gvon] -
P ven dedudeled) Bgnal 3(4) Ce«vm\;% 9- messoge gl
lidh Ri=8 238 =jooont & B,co _-%h%&%oou} -
AF;: F\’met—}%ir )_: 5X 1000 -+ jox 1S

AF = So0o+1Sp00 = 2000 HE
EF: 20 KH & }
L > Devintion Reio (oduledion Induxy -
afi s ohad €Y D

{3: D: —atl R =
’Fm I L = M"\%‘((OOO, !Q'I))
L B=D= 20K 2 22z e
[-< g

Lso> Phg@ glgghw,
26 = | 0;0)- 6|

Al [5 SINWDB7A +1053030007‘Jt}m

AS =SS o rool;avg

¢ TSt Band oidts
e O?AF 2] _= R8P +2N =3k +a(iSk)

il = SKH%/,@
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36FM- STERED MULTIPLEXING!

Steyeo (WU]'H’PIGX)’D"I% & @ fForm of FrequUenty division buHi~

“Plexing <FoMY degigred do Fransmih Hwo sepavate Signalz
[mg(“ and m ()| via the Same cavrier.
FM- Sderveo &ggtem Conai&t’  of
A FM-Sdereo Fransmitey
by FM-SRyo Receivey .
FNM- sdeveo FrangmTHes ©—

Ao At R —' o
» Le¥r M, (+) and M () denote the oo message Kignalg .PscKeﬁ
Up lo%, Legy hand and Right hand m';'c”fcfphone)g o e Fvarkmi -
—Hg end of Ihe Eyrfem, 08 Shown = Fig- 1.
° IT¥ uges a pilot Corriey frequenty, .= [AKHE. Frequenyy Aol

— pveduces, Sub (ar¥ier, CoSARRA) .
WL b + | () )

|

|

L T Wty + MuH Ple xed
| S

Signay

K3 (+
K Cos( Q-;q.pc.r) )

I'T\Q(Q)

 CAFT N
Motkaixey SUb-(arrier

COS(4W?(1>

35inz| Frequency
Doubley
P ds MuliTplexer In Frammiges Cosanfed
CE FM- Sdereq Sustem Piloy

carrier
fe=19knz

* The Muniplexed £79ned (3}, produced ot the oudpud of-
mU_Lf—}Plexe(y 1M "j_T(]f)&m’;Heyo;’? Fl RAeveo AUzten I&)

) = [mLu) + mQuﬂ T [uh) -mpd)] Cosqne 4 + K cos(QAfT)

R T ; - ()
Bosebang! DS g pi ot~
Egrod ! (%39-»«9\) @wriey 5
QF =2RKHT Fe=1akns -

x ] G - 3
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A JCSER .

« Muwdiplexed &ignal, m4) comnsiaR of Thaee dipperens Sigrads.

4 [mg&)—\-m,z(%)_? ésum of ), (4) m'zw) %QHGTO\_\—GC’ bs_._f fHe
Kl eple mab’ xer . It 1§ base band FHgrad -

<t [md*)—mm*)](os (47 f+) = DSBIC A1gnal produted
fhe produd rodulater .
S- K.cos(ang s) => Piled Camier Aigre) mulbiplied by &

Condtanf K’
FM-S¥ereo Recefver i—
TANNANAN- |
ML) g (4)
| Rage band
LpF ,
_Coherend Dedor _
|
Muthplexed | BpPF ' ase-ba
suﬁrifxi i p-Contered ol ’ ] 81_&Se %
; QF.= 38 1032
M (4) = L Tew@agy) —— =
Frequenuy
) doublex
Nayrow -band JOS(@:?—})
| | Frlier 4unedts ‘
‘Fczlq KRZ

Fig. 2 : Wlexm '3’/63\%3' aﬁ,fmé\meﬁfﬁ“

P FIg. 2 ghowg the C{@im&thplexe’f N Yeceivey of PM-Slereo Byatem) . T4

T8 Tged oy secover the w0 message Aignalg m4) and Mp(4).

o FM-gdereo demullls pexeys Corgialy of 3- pilterR,

48 %@M}: > I+ Beledk the base-band Cempenent CmL(”J“mR“ﬂ

Presend T mwttiplexed &gnal ).

R BPF 1 (Bandpass filkr) - T+ Kelecly the Daasc-&gnal.

B mb%@&ﬁf’:— 14 Seledlz The piled Comiers Aigral, Cosnkt) . ‘

* Frequenuy doubles produles dhe vequived SubCamiey Aignal,os(4aRt)
o5 Cohererd detedion & DSeSC- &igrod : 5

o Coheverd Delethor,Yecovers the dTRPerence ignsd [t )—rg#)] -

o Finally the Mataixey, produces Tre Yequl red & gnalg MM (+) and RMp(#).
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*The Superheterndyne geceiver, 14 a Bpeddal +jpe of Tecel ver
dhat Pul) BTk fie ronow%n? Feadurex
> Good Seledttvity L qood SengiBivity Ly Good Atabilihy.
« The block dTa?z’qm of Super-heferodyne Teceiver 8 &hown M
g 4.
. SuPGW-he}fch‘;Yne Teceives Wos kg 0n the prinuple o = b{d/@‘o‘&i@?{

° tjﬁ&'®iﬁc&g , I8 o process ofF Combfning Incomfng RF- Rignal end
Lot 0BG ladus Prequenty Aignal , TeAUIB ™ @ Censtant Tokesmedials
frequeny &gna). This operation 1 pesformed ™_Iqixes . TResefore

Nixes 78 Called 0% Hear$ of Supesr—heterodyne veceiver .

* Tre Vazious blockg ™ Seper hetesodyne wetuiver are |

L}» @\G/C\/Ve,fvm?j@nm:- It vecetves the RF- 87gned - RP-§ignal Can be
CTlhey AM-Zignal @) FM-Aignal -
Tor AM-&igna) + f_=> 635kHZ 151605 knz
For FM- Aignal ? .fRF = S8MHZ Iz |08MHZ

. mﬂ% = It Seleck the vequived £requenty From Tncoming—
RF-&ignal and ﬁf\m;f\\iﬁ\i/g{}%e Selected ‘ﬁRF , Sgnal &
X@‘t/UJ\Ted OLum»UCiQ |e\/’€| f’cf -Fuz'ﬂqey PTOCGSSTV)?—,
L hod oscilladors- 1 generades Staurnido) Agred Faving
e ) '—FLO‘ | ,
m - I+ pevpoymi the h@fmc‘gn» operedion . 6

Producez Corgiant Torermedialz Frequency #igral
ok owpul - (e s

" = —+ = = 5
for P Mlixey : GZF &’_}E‘Lo - | AM EM)
lr,_o Constant I | 4S5kiz| 10:7MHE
~ ¢ Hegeodyning
ot i
*To achieve Gongtard £ e Cupacitass presend Fn RF-sStage,

f\/\/\_,\/\,\I F 2

Lo (sJ OSdllador, Mixey ave Cenneded & C@&%@&WOQW

bhﬁt\ih:éw r{g.ﬁmﬂ&}/ej L) amplifie] The Ties medl ali

Freguenwy Aigred . Aoplfied Tr-Signal T8 Ped = deledior.
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L Pededton - 14 dedeck the messoge &gl presend T eunpl; Pied
TF- Zigral.
L Low pass Filtey - 14 elamfnales aoy Aigher ovdes haymenics PWS"’th
L his T dedectey ouwdpud. 14 p“roo\uce)) the Tequived
bage-band &igna) of awdio - freguenty (AF)
& Sdip ﬁm&ﬁ”?’ 4 amplifieR The AF-&igna) B the Tequired
amplitude level,

L> ﬁ\jﬁsﬁfﬂ%{ '~ T+ beod the power leve) of amplified AP-Zigred
§
N\-‘E’\|/E/‘ L POIL\QQ\’Q’\JE’V@Q Audtable 5 dyive Hse
== AN AN NN
Loud-Rpeaker.
L} Lou&, : AN INNNAN
o SEOE -1 Gaverly eleghi ol aigrad b5 Pt Sound

Nole ¢ «1n AM - super he}esodyruz veceivey - I,::?a,:—f@: 455 KHzZ -

« In F M- Super helerodyne recefves, Bop= fo B = lOFMHZ.

Numeri ¢J problems - -

1% prove dhar Fhe numbey of gidebands M Wide band FM-sigrd

&S j(\:‘f?v\ije‘ g
Ls e Know fhat Fhe Genesa) expiession W REM - Aigred

L4
SWH= Ac cos [@nf s + p §in G‘U*Fm:tﬂ

' ALF — (Y
Whaoe E; Modulebieon Todex = ,f;/\ 1 fo WREM

E9Uedien () (Can be prre,SSec{ oA | 1l
S = pe Ecej (27 Fet + BSinan F(1] | Ucl’mk’e(@”f

——(2)
S(4) = Re EAQ exP(J'Q‘T\fﬁ+jﬁ3“”(2ﬂfm+))]

—{3)
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By w?m% "W oydes Ressel %uawonjjnug) eqohon )

Can be Te»mm»f\g»eft a%s

Seth= Re[AcZ T(p) exp [Jan(tet nhot]]

TRe Gwier amplifude A IR (enstend) - Thesetne it Cg(n?(ar)
Jaken owdRide the Teal—ti ma cperadms Re [+] . Tare Re(]
.“5\/2,,(—[2 ¥ (gummmﬁon e 32,9*-

o

SH=A. > Re [Intmexp[ jan (fan Pod)

n=-—0

Re [Tn(p) cxp J 23 EAnFn)3)| =T, (8) cos (7 Rtk )

’ .- "“m )
S = AcST Tn(R) Cos [an (Fctn fm) )
h =~ b

(3)
By -&61\(%\? Fouvies dramifom en botls Aadeg e g i

S(p) = Ac - "
£)= A %\:‘;;rn(@ [S(~P—Fc-ﬁfm)+8(ﬁ+ﬁ+ "Fey) )

: —(€
- Tem equetion (6), T4 12 cleas Frod- the Epedouan of Wide bq)ngb
Fr-&igrod omials of an TafTnils numbey of delter fun cHony
(/che band?) Spaced o £= £+ n.ﬁm For N=0,%) ,tQ..c. .tw
In KEeFM, J,(p) & $inily Por all Velues of 'n'. and
* Ja(p)= J.oLB) fan M-even
« Jn(p)=- I-nu’) fow! medd
¢ AZ M ,InCreares \Iq(f!)\ decreases and ]]E)<B)ﬁ1}
S The Zpednymy 2 INBFM - 2ignal Corwisls § Infinile namber

of Zde bandd as Ahown SN Figux belon.
M Scp)|
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8De modu lodion of FiM- [Javes -
FWﬁfUcmbL Demo&u\a\ﬁm i3 The poocess ef b”eco\/ea’i’n?, o-aﬂgt?nod
MeRzage Aignal from an Tm:om'ivxg— M- Wave .

TL‘W"@ are —3wo meﬁwodA in —Fw'eq,'ueno:; clemoo\ uledh &n

< Freqguencty descriminator Ralanced Slope dletector

LTS phage - Locked Loop .

sl Setntaaon @ malaneed Slpe DOSINGT

- The Balanced Slope dedector Corgisly of <two Slope dedecror
CTyculB. The Block diaquam ¢ FreqUenty dercrimetvr @ balanted
Slope detbtror 12 Ahown ™ Fig.4  and Tl equivaled GvCWF

Hog ramy 4 Shown 0 Fig.2,

Slope cigeudF Envelope | M
e o
. TR, » l%%&bcwd
= ignal
ol e V= Vo=V,
klave =. G ety
S(+) .
Slope Clacudt i
et S0 eector|
Hy (8) S

g1 ¢
it o L

The oudpud \/Ol‘l‘ekge of frequienuy degont 7 neder 3
@ (Balanced &Llope dedediur)

0 =
N \/Ol—- Vs = i )FM ?C
tue "E'fn>$c

o

e (D)

Whey =
i '?M = FYequenwy of FM-wave

Te = Cavvier frevuensy (unmodulabed @i ex).
o Thig mefthod 8 Popular Krown a8 Ralanced slope detecsor.
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' The eqWivalerd cercuis c}i’o@h&m R Rhown & Fig.2. T#
Coiiale o
J—> Cg]if{,jﬂﬂief\{j'fqng- Q"f/@gb’ 20 B 1 F’b’fmamf TR Juned o
—Frec[,umc.% of FM- &Tgnad . ﬁ%ct\i’? (Trermediate Freqyuemc%}

T4+ producer oo oud- of - phage

. Volfages of Se(ondam(r Windings.
> The -Upper payt of Ihe Se(or\olqa},. of Fransfarmer, Censtalx
T Dlode- Enveiopedetectos and 14 fg—duned above'f) by

AR That 8 Tl7 Tecomasd . ey Tx ot a8 uppes funed
LIPPes parxt foeg Loas ‘.Fccﬁ_ [PW%TI\?;’]
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D1
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rﬁie(‘ors q a}f -

Fie2: Clrewit dhagrem of Bl Slope ek

L> The lower pood of e &(Ondqw of draniio¥ymes alko lenia Sty

?71](i AT ) CL{OCQQ @/\\/@l(YFedek@w and 14 74 —Juned below "..FC’ }?
oF. b i 1 v0saat focqueny 16 fe-of | [RED

Ls B produces the vegtned oudpud W itege (Basebard mesS g Sigr))

Vo= m(P) ag Shown o EQuadion () |

:
Ve l1ege V'’

frxlosw\o&gcd owdpd
14

onde o
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}kacﬂwnm%ﬂmﬁom Tyﬁrﬂ Pk@&fLocKed LﬁDPf'(PLL)

A
ANANAA~ N avVava NS NN ASANANANAANA

phage Locked Loop (pLL) 4 & negotive Peedbark Akm
dhot Cerwiglz of dhvee majoy Com P@«\mE
LT A Mulfipliey Uked a4 a phage delectvy (&) phase
CompPayodoy . °
Aiiy A - voMege Gonfwlled oRTNladtr {VCO)
S A~ Loop Riler, wokich (g a Low pass $ilies LLPF)
The Block @\?oxsaq@m of PLL G &hown e bt

F9- Wave e @) | LooP Filt > V(&)
S¢H)
¥ 1)
Vb!ﬁﬁ%i
Centvlle <
O ACi | ledoy
(vco)

Fig-1 2 Rloek of’?a%/mm o PLL

Ly he \vco ovdp W 'n/éo\%ﬂ'm;d AA

T(+)= AyCoS (AR + +<i>&(}) —=()
h
SYNEY Ck);{(f): A Kvgv(f)o&-

Ly Thea, the tnomig Sgred (FM) and fR Veo owput T(+)
(St1))
are opplid by e mubiplier, Theo T3 gives ewor Mo,

e =71). SH) —W

e d(p)= 7K [imE) . — (G
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+ & 3¢
<> Linedr Model 8 phoge —Lotked - Loop ( Lineoy- pPLL) 72—
NN NN SN ANAN ~

VT URP & Manc,
The phage loCked lbop (PLL) T8 Zald o be n phage- Lock, When

ANNANAAANN
The phage ewoy \ b )= Ls

“the  L¥near mode) =2 PLL -Fo]’ the demodwladi on of Pl Aaignald 14
Ahowsy ) Frgusc.2. ank, \

e(1) :
< () —J‘e@——+§>——7-h<e) %é >Vi)

by ()
. Y dmld ?—w«)
d¥ .
. > ~ EFUI VAo
FI9d i Lincas Mode) ef phase Locked Loop Mode] +—
NS PAAN A AN AN SN Y N—

e Jnow  thet y
) 4‘),(“1) = A k# fm(}) dt- thex k?: Freq . S Rvily
o‘ , =0 F Ev-wonve
Ct?(f) = XA K, f-'\/(;i)djr ,\‘f\mey& ko= Fr’(ﬁnggwul
0 V@ (Sen»inhvii\{

IR Yen) vfi\/CO
felt) = b~ dyt) _ g

Wk T foor phare- bck mode - &;e(-j) =0 (ASuwing )

SMO\\[ S IAN'S il

Fyom -»fkj.z’

o

o "> EQadi o Q) = O = C{>|(:P)“¢Q(7?)

S Rd) = ys)

Ut equhony © 2 Q) e i

¥ 5
XA kj@ S m(1) dt — Q’KKUY v(f)o\k‘
6 0
+ 5
k{; E m(.-i)o\{ = Kv S V() dE
0 0
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Dip pesendi aing both Sidex F eqahion (4), We g+ @

l<14Z mtd) = (KL M)

~

S VR s o B _‘f_{..m(j—) = Kmy) » Wheye

v 3 k:f_ﬁ_

P2, V(2) oL m(4)

Fuz , Fhe owdpud Vi) o dhe low pags-loop £7 1Ry (hit)) 14
propovdiona) o M 037gfna) moclulcdn"r\g AignaJ. B9
Le, TRe mMesSage /Siamd pretevi o FM-moduleded wove (&)
T Twed and 318 p?SDcFU(ecf at fhe @udpud of lWP 7| fey.

_*,

—_—% AT e

¥
A B = 5
3‘61:%& e/'ffif/'c\/ti M P MF ’/\\qve :- <VTU & ‘)>

o Wit o Sherd Mo on Non-linear eppeclz T FM-AggRIm .

Ly  Non-\Tnear effecl coan be of FHwo- Types
() Ahong (W) Weak .
# Non-lmeariiy &% Soaid e be Awong, TF i kentionally,
fnfmduced tnto The circudy Ta QA Cenipolled mAnNey .
Ex 2 KFGuaze AW enices .

<+ Non \?negﬁ?"d, T zodd b be “Weak  wWhe

present ¥ The ofreudd -
The &fed AUn non- Ifswari Hex Wil

A TR S hesen Hy

Wi = M) levels b

e Aphm - SR ¢
IO pmf};&new\ﬁeﬁ g@qskm,*wwK Y\Dmf\?»r\&a%h} & P reRent-.

X | < n b
the gffed & 10ea K mr\—ur\szaﬁfﬁ in EM-AgRems caa BX

by Conticlesing- the foprd aund owpud Tekhom of Tre
memaiy |e48 - non linadsr dengice UAtd T the P regaenuy
/\_/\/\/\'

NN~

Mudkiplier .
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FM ave | Memowy e 4ED)
S(;')'—%"Nom, \inear devi o

F1g4 ° Non- \’s\ﬂQQM’CJﬁ\/iUZ WJ
AN LN
o 1 el \
Corgider a memongless Nen- (s dewite a3 shows M 4H9-1

L.K-T, the eledios befween Tpwd & owndpwd MW 1A
V() = &S +Q, SQ(:D -}9353(&)’1‘ opr oo qﬂsn(&)
| ——{1)

Lep wr Conmder TPl grd ordex

e, V) = Q5 +agStd) 4oy s )
=)
wihesre |

+
SW)= Actos[ank+ + 4’(@ » and ch) - 27k J m () d |-
— @
Wild-) = A Ae CeS [»2n£c}+¢‘(@ 4+ a, A’; (~°$?2[QK£&&+¢|“):)+
@ Q /‘\3 3 .
3 A s [artcd+4, @)
5 _ \ .,
T T ewdpud Vollage Gzl of DC@C@meT ()
F™ - AMgnads Whth Qmrier - ot And Fhee
¥ Freplendied P s Pt dep i D
—ﬁv‘%vuemuj OD,Q\AO\)-)W Aﬁ 7 8?/

RNKT the Zxpoesion o FM- ave ik

o
W

s QAF and 2ap ’f'e/spe(}—?\/eiy‘
The Demyed FM- Agred Qun be Bepavoaled Uy a
Bpr o fhown 9o 459 2.

—>] BPF l
) Cenl@ red o S\o 3)
ffC"

e ) The pv- SRlkw olp adkts poxsicp ﬁxmvg/ﬁ RPR IA

V') = @, Ap cos [Rrfd + b)) B
Cbion &) & Qe as o vp o Tapd A gl

St4) = Acwes [anfey +d0t)] Extapt Fur dhounge fn
amplidudy .
oeg noy Affec

‘u Ampl? fuide Non-1Tnea¥THhes of T FM-S/vw d
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2021

Department of ECE

COMMUNICATION THEORY
(21ECA44)

IV SEMESTER ECE

MODULE 3 Part-1 SYLLABUS

NOISE: Shot Noise, Thermal noise, White Noise, Noise Equivalent Bandwidth




Module3: (B Nofge °— A
INANNNAN ANNANNN
¥ Define Noige. Mendion TIF Vorious types . (VTu &.p

6 Maryy)

L5 Notge 75 o d;
0ide (A o o‘.fﬁuﬂoqme ©3 L&“ﬂ%‘lﬁd "‘?Leq/tigﬁ‘.“ﬂ Bigna which

APPeA¥E Widhin dhe Teq9Uired fre

ety (shgnal |
The ClogAiffabion *f Noige- Sources ave Shown fo 9.1
* | Noise
) ¥ L
Exdesrne) Noige Jodernad Noi&e
Man Made Natuya) S hof Thexmal INhite
Noige Noise Nojse .

Indudtrial

v

“tmospheric  Eyp depegsiad

i s ol wlion o o -fousces Sindls
‘Wfshoj NoiSe Oppedrs in Qlhve c‘eu‘.ce)s due 5 W
bgng@,g_zr of Charge Carrferk (Elethong and holes)
me’: Trevmou  Noise 4 Genevaded B Yandom) rmovement of-
*ﬂ’\ermall% eleckonk -
AN AAN A INAANA~
TWhi4e NoiBe: The Noide whichiA Gaussian didrribution and hat {14 @
Constant Peuwer GPettral dentity over Wide Touge of Fresencres .
S S
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**+ VTURQP = 249
2itShod Noige i-

(& IYide a Shord nofe on Shet Noige. 4-Marix

Ly Shot noise appeays i adkive devicez due 15 Yandormn beluviow,
of chanoz.e Carvievg (elechong and holer) .
mple:
o Tn \/accumﬂubes) Sho? Noige 74 %,mem}ed due £ vandem
Emission of elethont From  Codhode — plade .

* 10 Lewv condudor ckvices , Shot Noige i4 Yeneraied due o
Yandom A7 Epugion ot minoridy charge Camiers Taadern
Hnesakion and Tecombiration of €leton —hole paiTg

* T0 photo detedors |LED's |, 74 15 Jenerated due 5 vandem
€mission of Photons.

Contider a \oeucCums diode Zhowsn -{—fg-l‘ Let T’ be The Cuped
and Shod Noide Cemponesd) Feneroded 1R ISNH) o’ Bhows & 419.2.

s 1)
l a LUALLYD
Diode

\\ \, NO.\ S¢

4 actua
N 0 T (oc-cuwet)
i @3
' =>F
Fig.4 1 VaCt umdicde Fig2, cwmed Vaviahon fo
NN S A~

VC(CM%OOU
- N
Nilh Tesped fo Fig.2. +he ote) Cuvrendd $n Voo diode 13,

()= T+LE) 2 T )= shet oise cumedt genprd
due o Yondom € i Slion
X elethong e -
b Ee Meag Squlase \alue of P[uchmh'ng ' dg 59 (Sfade.
Shet voige (umend ™ Vacuwm Qdiode (A Faven by
=]
EfrXe aTIR 3 whee b Lx3 covlumis
N ———

Ly fur $N- Juadion dicder, T -
E EIQS—N']: 29 (I+15)BN Vaceum ol ody

By = No;ﬁ; gqed veled pardwit
~d

i

= - JeoReverse Leakoge Cred &Y 0 »l


HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight

HASSAN
Highlight


X -
3% 3 23
3:1R 1 TRermal Noike °- (Viurp)

NS NAAA

B> Wk a Short ol 00 TRrermwl Nojse

Ly Thermal Noice 7% Genereded due b5 Yandom mement of:
Iheymally induced cawriexs @Eleckong) in o Condutior.
L The yasdom> mogion of Hhesmally mnduced eleckons produces elecic
Cumend whith i3 Yandon ® Nedure. TRIR Pandem Cuwed §&
Qulled  “ heymal nojge” @H'Jmn Me”

L Flauxd shows noisk-Mode) Using vesistor. and 75 esyud Valodt
—thevenin'd Greuid ) +79-2.

R ITN: Thevarnad NoiSe
\)\/ : I Cuprend
. W= T
Ir TRL: R “’:— T“ NBXR S
) Theyrned No 1 Se
; W liage

9 1- Noi Fiq2: Ewiveled cirtul (To b\v@l M X
Fig1: Noize mode) . Fb\,\,\(})

R=R

[[2

Ls ke Mean Wl q “herma) Moise (e 1R a!wo\y/s Zay |
Ls Mean $quaow walue of The Thermal noixk W itege ix

. ' s Vin +
E[Vaj:ArKBNIR }%ﬂﬁ

whore K= Boltgmann Grsfed = 132 X162 5,

T= dompermtux ot whidh T&iSter s Opermtivg = 290 K
: ; (Sf}ﬂnd&rd)
B, = Noise ecquuvelad Bandwidth iy HE.

Rz RetsStiw in S

L The Moaximwn noigk Power, Pmc&uw LSS NoiAY Yex sty
Wloded Bhown —{;‘\%.2_ 18

,_ 2 -
b t[\/m:AKBmR: Wk
N AR 4R K_LBN 2
Rt M power delivered B oo ke Rz &
= N
B Aw .
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_-& e
3.13 © lJhife Noige:- (viu - 8.F) +

© Depfne whide Noisk - Plod poner Apedtva) J@W%?}‘é ang

Audo Comtletion fundian (Ack) of white Vo ix
VTU June|[July 2013 - 5 Marks —

L White Nojge =—

“The Noise wohich hag Gauskian digis bubien and have £lat

powes Kpehn d{rysa’fz over a wide unge of freguenciex .4
Called white Noise .

+ 1% ig denoted by W ().

+ Whide Noise 4 cnalogetsg g thadeem' whide Jight" in fha
Senge that 74 hag el %Nﬁueﬂuf componen & T equod
AOoUNgs

Ls e power Epechral &e%}%va‘@ ohi b s Process, W) I8

N W haac
SN(‘?): —STO— =) NO:KTe

Te = Noise s uiveley Jempe yadue

ZF.S N( £)
N Centtant (£lod) PSD (Power Spectm
52]\-10 ['_r;l_o dary hy )
| =
OSSRt AR ol i

Ls Avdo- comwelodion funtion o Tohit noik, Wet) 18
I (e)= 2-708(5‘) (l*f.,su(#)qi[—flpm(z))

(e Y {gﬂf 2=p Tw(t)
0 elSewhest
b N S(z)
o
S
C=o oT

Fig 21 ~Auwdo Comelofien—funtion F it MNoize
INN~AS~ PN — NS~

NS
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Z.14. Noige EqUvaledt Randwidhs 5

&> What T4 Noide equivalerd Bandwidts ! Dexfve aq expression
for Hhe game . VTL JunelJuly - 2013 (5Kanks)
L> Noige equivaled bandwidts represents the Prequenuy
Seledtvidy of dne Friker.
418 denojed by Aymbo) By HZ
Mathemedically , 73 1& defined 04 -the zatio of Hoi) NoiA€
— oudpu powey o Il of  Noige Spectrod density od TOPUE

&

By Bz g g
Sn:

Where , P = Toda) noige oudpud power T Watis.
‘Snf: L«Pvdf Noi Se gserml C‘Mky, in L\IO\*K]H}.

equedion (» ig &implitied 30, BN:_Z:_R—C HZ -

PP = consider o Low pass F7lesLpF> having voliag
Yodfo Fvargfer funchen \H(jm)], a8 Shown ™ 9.1 ad
3 eOVU?VO\\er Circuud in Fig.2.

I :\;npuj;r roige | LPF output Noi& &
n;  Spedumdensity | [HGw)) Spedsum o.\cryﬁ»rbl 0
l -;'Sn°; = ka |

Fig1: LpF tsith f|piofp SREUm denty

E ot it

i Lo L o

Figa: Re LPE Wik inpd dod owrpul Voltege
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We Know thak Noige bandwidfh By, iz given by 6

By= s o i
Sh.
1

Inpd roige Spedvd denty | S, = KT —>(2)
L
K= RBoltzmann s (enatant
To $fed 4oda) Noise outpud power -

ANNNANNS I\ NS AN ANSAS A
From £g-1 —he W ltoge -hansfer —Puadion, H(jw) faderma
of fapud Gad butpul ToIA Spettra o\enéﬂ“-}«j Sps &S
e e
H(J"")—-\\%_’f‘{ = |H(w) = __‘ino

i =

no 1%

9
S, = IHGW[ s,
Sno_‘:lH(Jw)]LTKT > (3

From Fi9.2, Re- LPF the Voltege transfer Fuadien,

SIS NN SR
VTG_) ’2_{_ \/SC SCR+ [+ SCR
8¢
SoHes) = > S
: T e
H(jw) = —
(jw) 5meR
Take Mogwitude en bott /%Sc)cg,“wegu—
\
lH(j’w)} —
|+ (wer)>
ey = — &)
JLO —
|4 (wer)™

WEing equation (B ) (3) e Rt
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S l + KT &1

|+ o)™
- The dode) Moike owpud Power, Eﬂo 1A
Ve
J Sno‘ 0913
Do
P - KT . d
i ; I+docRr )= f
KT LWz aaf
T iy 1
O N o] e

Lot @ApcR = twen (97 FoR) =%"
difperenbiodz ‘B’ nifh voped b e gt
027§CR0H3 o e d?_ dx
d R KA CR

J da kT g’“" i

j |
(H-XL) LA CR XA CR
an’ (1 el - :%6‘1)
i/TCR (il )] ( :

B
0 W
B =

e L 1= 2 (5

KT
& — (P
VW' QEce. & A CR (+

“Lafng 6%0\")59%@) 2.(2) Ty equinnion (1 We Ge b

BN— o o el = ( 2 gY\J: KT)
‘Sfl: AeR X KT 4R C

/E\b’\UZ o} . =
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2021

Department of ECE

COMMUNICATION THEORY
(21EC44)

IV SEMESTER ECE

MODULE 3 Part-2: NOISE IN ANALOG
MODULATION

SYLLABUS: Introduction, Receiver Model, Noise in DSB-SC receivers, Noise in AM

receivers, Threshold effect, Noise in FM receivers, Capture effect, FM threshold effect,

FM threshold reduction, Pre-emphasis and De-emphasis in FM.
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J\"\*f umwoeuwded P*req,uenc% ComPOﬂW whidh ap
as Nouie ,

peavxy

withky the GPQT&”‘WC} FTQ‘DUQf\(—L(f & CcnfS:oleTect

L> Noige 322 added & She Framgniined Aignod s(4), durng
—the Hvang&mission ever Communiteflen Chanvel .

Moduloded [ —— . Mgiu%mourm,&e}?%m
/&’camd e
() 4+ w@F)
s&) EOREO)
Noige
W)

> In #ig module the efpect of Noise on Tecelver pesfermant
Parameders ALudh ga
(i) pre-sNR channel signa) o Noise Fod50 (SNR)Ckanne)
(1)  post-sNrR @ owpud signad f5 Noise Tao (SNR),, 4

(l“) F\‘aum O"F NMevit (FOM) P - QV\DJO mg&ula&woq
Fechniqued guch a8 DSBSC, AM and FNM are dI/SCLMQC’
o detef) .

L ™hi& module alio g:\/%"ﬂ?e OVeT U1 8w 0]‘3 pve-emphagiz and
DA ANANNS
De_emphafid meshods Used 15 tmprove §ignod & Noige yedio
otk Frangmt Her end wecef ver ‘re,gpeu—‘?ve\ﬁ

L. Higher The volue of Frgure - of - Merih <pom) beterthe Perfmm_
—ance of Hhe vecelvey.
L~ rom . Por Varvioug Qnalog 1 od u o5 on +echniques 78 found
2o be e fr DSBSC —> FOM=1 L

« for AM —> Fom =_NM

L ‘FUU FM '—’_-?3 FOM

= I-SF;"
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4.1 . Receiver Mode) o~

AN~ PANS AANAN ANAS—

6 how noixe TR PTOCMCGCD

PNy le vart equedionk, Explal
g gl JunelTuly —201%

tn o TeceTver model . (S-Marks)
- odulated 7. S$)+w(d) |Band N () wpuit
Modu la i, T and Pass ! 0
Signal = A Filler | S@)4nid) Devtociu datoy Sigral
) ' 4C+)
NoiSe
W)
Fig.1 : Receiver ode)
DN AN —~AA
A SN |- B % B
‘ By
i N SOOI
&
_:rc 5 i?c —> #req/uencg

Dd* ¢ Tdealiged charsgretanfes of Band pass FURT noltt

FT?UFG-i ,(Show& Hre +aate —chm of YeceTver model.
Lot 8¢4) = Moduladed A1gna)
w(d) = Noige $7¢nal (wide-band neise)

Ly The Yecefver Tnpud Algnal 1&g the Sum s S and W),

L The band pass Pritey ia the yeceiver mmode) vepserenly the

Combined -F?J:k’zr‘fq% alien of fhe FHuned ampl|TRiers Used
0 the adua) Feceiver.

L The Bandwidth of @ Band pass F7 s <&PFY T8 kept jusk wide
Enough Jo pass the moduloded Aignad <) withod dtRtoron.
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L

5
Ls The Demodulador b lock Tepvesmkd‘i‘m Figu®d o‘e,Peno{X (=7

the <ype # modulabion wrged 5 generals modulaped Afgnal Se).

L ke BPF, 8hown fn receiver mode) & argumed fs be Tdea)
wWith charaderigFca of band pass Piltered noige oA Ahown T
fl’%ure.z.

> For the Te(efver model Bhown T Prgure 1 we Cag define Ihe

Followfng paramererg

* We denoli No gg the power Apechre) dm&?h} of the Noike
Q -
Wid) por both pogiFve and Negakive Frequencies.
where ND:-A-mggg NoiZe P@wex Per unit le’)dWidﬁ%
« Mid- band Freq,uenuaa 6 equa) b the Qumier Prequency
and T&  denoted bv "Pc"~
. T*o‘Pf’Collxd, The Carries Freguencty, :FC» B 0& Ahown M
+igux. 2.
L3 We Conaider Bre LIRY Nvike , n(F) OR @ Nnamrowband Noike
and T& de,g—fnea fn Canonta) -Fmrm bl?f'

NE) = Ny) CoS(aR i) — Ng@) Sin(ardt)
—
Whese, Ny @) & the T phage Nbie CtDmPO"\Qr\? and .

Na(+) 7& he Buadrature noike (emponed) | bolt, Com ponenly
are meaAured With Tesped Jo Mhe Carrier wave Ac Cos (@R g )

> me  prifered Aignal  xF) avdilable Por demodulalon
1S de;l,—rﬂeol b‘f

X = SE)+n ()
s B )

The FAveroge Noise power T4 gfven b«# - Now" ('.f’ ‘C\Q_@xo‘gw:r\gw)

X)) 13 the oWpud Aigna) Obtatned Promy channe) and 74 aveilable
For demodulabion. Thevepore Ppre-snr (SNR- be pore demoduletion]
@D Channel sigra) fo Moise Tatio (SNR), T4 depined o
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. (SNR) - Average power = the Mocluletkcl Signal =
c v‘\vemge powey ef the Noige ™ mQSnge B@ndl«)idﬂﬁ
—>(2)
5>The Demoduloded Aignal {oudpud &igna) > ef The Yelelver rmode)

Bhown = .PhjUre 4, 78 gfven by

—

T = myH) tygd) s
Where, mg ) = demod yloded AT gnal gxtratted from S and
"y tt) = demodulated 0w put noise Afgnal.
[sThere Pore | post—SNR (sNR,affydemodulation) €3 odpad &ignals
" - noige- ratio (SNR) 6 deftned oz

o (SNR) —_Average power of the demoduladed oudpLd &ignal
0 —Avemge power of oudpud Noike .

>(5)
* TRevefore the Figure-of - Mexit {FoM} for The recelver I4&
GFrven bao;,

Fraure sf Mert} :*——(SNR)O
(SNR), — (0)

Higher tRe Value = FPgUse f merit, beter the pesforman-

-Ce of the Yecefver. rlix value depenc% onthe Jdype = modula-
- Hor .

—— »

i"/g . (7) The Qverege power of ey Condinuous, Hme Afgrod 13
G ven b*f TR §econd- order- moment .

e, . average powes of Stt) = E [(S )] —>depencls o s()

-oWverage power of ntH) = E [(nit)) = noxw < conslant

for ail

A pes
2 € cogiant fur

S 4

AVerage povots of "W Cos@ri)L € [hcossapt) o AT TEIIEHT

pSing & Cbsine |

|
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4.3 Npoise in DSR-SC Receivera -
s , g T DaprsC e - j
& Show lhat Figqure of rerit fos TFune | Tuly- @013

(€-Mavks)

L
Led emd) be the message &ignal ond ' P’ bethe Qverage pPOrORS

°C(4) be the cawmrier &igna) , then e deoma’s Ex pPression
fos Dspsc- Bigna) & given by the product of mi#) and ).

s m(t),

-". DSBSC- moduladed Aigred, SH) 4
&H) = mud)-CoP

- e - e

S = mE)-[AcCos@nfct) —>@M
DSBsc + |
. S(S)— BPF x(4) |
Signa) 4 ! h
St) : |
Noise : [
W) , |
; Loca) !
! 0Cilladoy :
] |
i

Cohererd .De—_-)—ec_)o}— -
FTquecd ; Mode) of Dspe ¢ recofver u&a’n? Corereny) Dekor
AANANA PN~ ANNAN N~

NSNS BN~

*Frguecd , howd the mpde) of A DsS@asc Tecefvey ‘uﬂm"ﬁg, a Colerer

Dedector,

+ I PTgure. 4, the P Heved Aigna [9((‘3‘): S(vfr)-fh('})] & applied 15

Product mod ulater.

. The pn‘odu@ modulodss muliplies the £7Wered &gna) x(4) vty

docally generated Camwicy * Cosans.4” 8 produces Jhe produd Bigrol
Vid) = A@k). Cos (WAfcH)
U (4) g Naplced to Low- pags-$7illy 73 eliminalex all L;gher Preg, -

T Ueny  Componenly & produc es owpwt &1gnal Yt)= Myt + (1) .

To- Pind channe) SNR (SNR), -
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D N ) _ G
D The Dseac &igra) 16 Given by

S = mF) x Ac CoS(QRES) —® |
-TRQTQ-POTQ ,me Q\/PTQ%Q Powew ?F the mDC\UIOJ'Qd g"ﬁr\g, 3('9’) l&

E [(5(39))1:] = F [:(mu))’”- (Acco_g&xm)ﬂ - g'P

Where Py = Averege powers op Message 2ignel = E[(m({-))ﬂ .
*HAverage power of the noie tn message bandwid i 15 given by
Now " . whese w= Randwidlh 3 message &igrod, mct).

. channe) Aigrad B noike Yodio T4

(SNR) - AVGTQQ@ Power of The modulak’o’ S;QVUJ ,8(H)
C  Averoge power of The noise o mesSoge bandwidth

2.

(SNR) = ACP
C CQNOU\) (A)

Tt 1‘3?~nd O“i’P SN R .
lo&aﬁ &?grm) od e \‘G\PWD c‘$ COlﬂezrenﬁ de}(’chﬂr 923

X)) = SHH+nH) —F
ke know thed Hhe nawow band noise Aigra) mer) fa 1l Con oniCod
Form & mpzre(?emkcb b‘j'

M) = Nz Cot(@nfed) — Ng(HSN(LTF ) -

Where Ny c4) =TInphage noige Componedd 0nd Nett) = Quadratuse Phase nosa
Componerd , measured With 2e3pey B Gwier /&Jg'f\QJJ CoS(anR Bet).

Slkb/gﬁm ET,UO\};IOV) (3) AT C?UMO)’) («Q) we QQ)—
XE) = 54+ N SRR ) - ngld). Sin(2AE )

@
TRewefore, The OUbpd - of - produty Medulades T Fven o

VE) = X3 x Cos(ambd) ()

Bubahtuly xit) equedien(a) ™ (8) we ger-

2 maas 020200 =
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V(i) = [SH)+ N3 CoS (@A F ) —ng(t) STa(La 3@ Cos(QAf)

V() = |
: S“)ﬁoi(ﬁﬂ) + N4 o @rft) - Ngd)-Sialaned). Cos (i

3 \
PSBSC Zigrod, S(4) = @) A, cos (anpcd) | Trespvae |
VE) = A mA) Cos(art )+ n,d) Cosant,+) npld) sin(arkd). os@fet)

Waing Trignomgnc Tdendibies ==

COSQG: 14+ (O;&e O"\J SN - (080 = %QG

ve) = Ami)/, - g
(14 Cos (arfen) 2 (14 cos (4nka)) - ﬂ%t’r_) S0 (47 FT)

VA)= Acmd) | Acext)

Cos(anf ) 4 N1 ) A Nelt
os(4n 1) 4 ki +”_~‘:-)éi).c[>s(4/\-&+)- gi)smmgr)

| —>®
% applied B low pags 74

mponenlx & elfminaies all other

Fe out pud of produd Modu)ador V(d),

" allows enly mE)-Ac g ng o) Co
*;%ker —Fma/uenuac —fe?rrws- =

A Y oudpul- Signod o Coherer) desecsor (B
Y = Acm(@) 4 )

IS) 2
(-/}\)
demodulrded (/gu\;p\(t
R ?gr\od noise

“TRexefoye #vexege pones of demoduJeL&d} - Ai—
Owpud Kigre E[%:Z”ml@g 4 i
‘AWYB\a,e PONOT v':ff OV\‘B‘FV\T Nm
. AR F= MW e e ot Cnpd i
E [ ( r%;())i) oL Power .

o Owbpud igrad B Noise vadio A

(sng) = Averege powes of the demodutaded sigruy
Aversge POLRy of pUWIPW] Noise

v =Lel)P ey

0 (No!«)/&) h &Qow —A8 J‘J

A TNV R R VAR RET ARTN N N A A m:\y‘
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- [ ] -
Frause- of - Merit Pus DSBSC- Teceives drstem 13
Frauske o MerT —EEQ._ —>(®
(SNR) ¢

SubsH AT equadion (A) and eaedion (B) T equaen(@®

Ne AfP)
EXN

FOM :ML — = Rad
G (Ary

QNW

— o
Frquat- of- Mewi+ LFox) For PSBSC yeuiwes i4 Lty

4-3 1 Neise Sn AN receiversb -

IS e e va
L obdain the expression
'U””"‘-j Envelope Aedeches .

Ls Let m(d) be tme messoge Aigne) W15 awr&gz power P
P E[M (})j =E [A SW\(ZNFM.t»]

cl) be e Coariery Aigrad wilh k)= ACCOSW\‘Q{! Then
e Amp\-'mc\e wodulated (Av1) - 8igqnal s@) ie given lo?o/

Por Figuw of Mewit of AM Te(eVeTAs

2

Sy = Ac 1 km()] Cos (anBet) . () VoY
oc® oG Yor
CabpP
AM Bond pasg A () Evvelope | 771 ofp
AL ] Pe — (e
Sigral Filkey [sedtnty .~ Dedecky [ L% s )
24) ¢ y T
wit) |
‘ \
- 3
Envelofe
D eyehur

Fiqurt4; Mode AN By Bk
UOET TS AU e g EBaglope Rekor

F»’%uaei,ﬂkok)/& The mode) of A AV Yeced ve¥ 'u)s”xr\%, a En\elope
Aete s .

N e R e ¥ N ey e )
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cOm,Aer Neise in AM Tecer verA wm? Envelo pe c:leiechor\

e To dedey mine  channe) SNR (SNR)C
ANNNANNA_NAL

AN

s The AM 8130&) b %‘u’w@ﬂ b\}
sy = A O+ Kamt)) Cos (@A) —s (1)

E A The Average powey

o2 modulated A?cng}: E [{son}ﬂ
£4)

w2 E [-SL AC[HKamH)] (oS (éﬁ\?c‘t)}z]
gl = Ij{ Az-((—}- qu(H)L CQSi(Q’T'?c‘}ﬂ

= E[{ Hkameny}?]. E):(ACCOT(&Z{?”)J

= Ellrkymia4a Kam(H) ). [ A
%),

(001 el )
L

.H‘\s oS
=(4 & k& P) AZ‘ "pureec S0
. -Averoge po wWer
i m"dmglaks S } O+k"‘ P AC
<(4) L

— )
Ly Avvemx%e powes of the Noise 0 messogg Ioome‘.dﬂ;) 7(3\

Fvea by “Now”  whex Wz Bandwidlh o message Xigned
C"\anne_) S|8r\o\j k No)se WHO ‘Iz

(SMR) _ Moma f modulated Signad
‘/‘3“"3" Porsey ¥ Nose s MeSSoge Bandioidit

(), & G2

R Npw > (A)
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S . % 10
T Seing QU SN (-

TRe doba) &iqra) of The tmpuy of Evvelope dexewsr 73

A= SEH)+ i) — (3

where n(d) Tepregenly Narrow bard noige ™ Jermi cﬁ-
fr-phaore and Quadvehure ComFO”QV\LB-

o : P .-U
)= N 0s(eAkt) —Ne H)Sin(QAf
Sub3Bh s(t) & ni) 0 eQuabien (3 we gy~
() = A [+ Koo CoSCAfct) 4 nplt) CoS (QAF4) _nqw)s;.q@ag@)
= [Ac+ AcKam(t)) Cos (an 1) +ny(+) SCaak3) —NaSin(2TRD)
x ) = (At Ackamyy n1(+)j}cos&m$C¢ — NgMSm(ankt)

» % The owdpud !} he Evvelope detedor 78

(s)

& px
q) = '\[(Ad‘ Ac\-(um(+)+"\1(*)]a—+ Y\;(%) Q@Qe&*
v“—\oot—’ i /Qj\“‘
; —> @ ) "ot
Evuadion (£) 9fvex the ofp of QN X e
Tdeay envelope detechoy | e =
Let tx omume thod e &igro) T4 T At Ackamib g
MuUuth lasges [han Noige . P@U—é@@m

Then Vo b v o wWhea awb . . XC)

e G = At AcKamit)+ M c4)
DC—T g’%’“’ hg\o}Se

(omponerf Comfoneﬂ Com Poerd)

The  Dc- Compenerd (353 Fe2y) Cony be Tmoved wits a
(m (*_'g_,) plated next +o énvelspe AG?U’W a’ Shown
5\ Fl‘a/UX'j )
L The vesullad demod wlded Rigrad 1%
(3) = Ackgma) + N @)
y mu1lde& %Es)pcﬁ (2)

Sigr nwiSe

—(®
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_ )
. Averoge powdes of demedulak el } AC K P

OWpPW Rigre 7€ [ATKE )}
A—ngz [Poker of ow}Pv{) }JDISC}: Nox Bt

_ - B =3 Fur
E 3] = INgW Ampli fud e
L8 Mod ulalion
o%s The owbpud Algral t5 noise To¥o 1R
@NR) o A Ex T 5 (B)
= Np W
S Figuse of Mesth fu AM TEEWY g
(SN@)O
2 - T = > ()
S Sk (snr),
gmb&HiruHr\& equafion(® and (&) ™ eqgalhien ) We
Fer (AcLKaLF‘
Frguse-of -»ext = Ao
¢ o (A%(f+l< P)
2 Npw
2.
Fomvm — Ac Ka P
Ac (1 K P)
2
Fom =— Ka P —>®)
(+xP)
The Hvesoge power of The modulo\_ﬁ-mg Woave M(4) g
Fe Arn
(Sm}:m:ﬁ‘v\h'gz\/‘&\'q;z F P ™ eguakhion (D) e g
Ka A
Fom =— [+ 2 kT Modulabion Tadax of APis
(H‘ K,,%A,’g;b) | ST S .
" 5 > 2,
= Fol = “}il—t— = et e M

T fﬁ/z_b ma_ QA 2-
Ff%q,( 3}’ Ment Par AM) weledivey 18 FOM = K+ /)

R T
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4. 4 Noige T FM YecefverR o~

AN ANANA ONANAS DA NANAANAN

&> prove thay Figuret- of merit P Sivgletone Frequency mod u-

aded Algra (& FSB

L) TRe Bingle-—Fone Frequenty moduladed weave S 5 Given

.k

S(3) = Ac Cos (él/\ﬁc:b +&KK_£ fm(*)d{') —s
Where 1™ (4) = Message &48@

Leb )= 9% Kp S):!n(})d&", Then

S(F) = A (os (anft + $ () S iy

;‘;ﬂq’\@ \'~—ﬁB oF AF) - F‘cre%enuag, Loy o’ "
Noke T
W)

Figd: Mode,l of £M veCeiver WQ“B FyeJenyy
D\ﬂ(“ﬂm\ﬂo{ﬁw
ANNA AT

791, showg the rode) o FM TeCeives Wo\c‘%’ qu/ue‘\(kj/
Ar&cxs Ty nadoy
Yo dedesmiene Channe) SNR (SNR) = -

~AANAA~ C

AN NN
S = Alos(BRA+b(4) @
- “Average 3oowex }m Ac
Moduloded Eigred SH)

SRR 55 N Qm}: NoX W)
MesS ogr bag oeqdft) A

i GSNR) OZNol/O ><A)

R _________
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4 bt Fadt s oo o e e SR T e e S A e e o R 2 R i Lo i )

- -

- To Deﬁfzrm%\e oupud SNR (SNR} 12

NN ANANANAAN |
The Joded &W od She CnﬂPvdf o Frequenty d 2275 minadoy |
-3 :

AR = S +n (¥) >3

For ewdpud SNR | analys® Lek TUR express m(#) T Yoy e F
T8 moagnitude [red)) and Phagze [k (9)) givea by The @ouahen

N = 7(3) cos @A + yH))
—>4)

«@O ‘ 1 N&@)
]

Nt &)
Kehtie T =T Eay ——>®

Y = Faq' (hed)
N i (1
Tode) (Sf?ﬂ.&b o ke ?U\P\,@ U;F demodulatey g

A(3) = S(3) +n(+) betome,

() = A Cos(2n4d 4 (4)) + 7(4) cos (arnted —HPH))
—X?

The Yyeladfwre pPhoase OH) (an be Expressed @&

OB ~ ) 4 Ned) . Whes
Tc -+ NeH) =TH) - Siny(2)

—®
WiEK an Tdea Prage dsé(mm?r\m The oW pur *LQM'”

& onpovzHorwJ Ao the pho/se cSe/v:o\hon QLS(*),

te, Jhe owpud /9*98"\9*)/ i
(4) = 2 d6&)
T = > (D

Subshinl  6(3) From e quahen(® T eyuption®)
e @)
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- o
O i[cbw)—k nett) s N m+)ol -
IM = = - :) 2 c}>(+)_&ﬂgeg )
= L cdij[ank_ffmu)d% 3 %W))

- X d Ne)
Y = 2™ () Jro?mf o &
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Department of ECE

COMMUNICATION THEORY
(21EC44)

IV SEMESTER ECE

MODULE 4 &5 : DIGITAL REPRESENTATION OF ANALOG

SYLLABUS: Introduction, Why Digitize Analog Sources?, The Sampling process,
Pulse Amplitude Modulation, Time Division Multiplexing, Pulse-Position Modulation,
Generation of PPM Waves, Detection of PPM Waves, The Quantization Process,

Quantization Noise, Pulse-Code Modulation: Sampling, Quantization, Encoding,

Regeneration, Decoding, Filtering, Multiplexing, Application to Vocoder.
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) oA rerresenTaTION OF ANALOG SIGNALS (D
¥ SAMPLING PROCESS

N

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, f>2w .
Where W= Highest frequency in base band continuous time signal.
This condition is also called Nyquist condition for sampling process.
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