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MoDULE -1 | [AMPLI TUDE MopuLATION]
ANTRODUCTION =

. Messaﬁe s?gnals ave 7hCompCl:Q-"|bJe for diver HranAmission. For
Such @ signa), to travel Jdonger digtancex, 5k Ktrengts hor 5 be
incvqued b?f modulcﬂ—fng with a \-ﬁgh treqaenty caryier Wave.

Modulation 12 e pProcess = alering any ene pavametes @mphitude]
’F‘f‘?%eﬂtglpthe) of the cavvier 3ignal, in accordance with THe

fmf—qnhneo% Values ef The Message STCa"WJ b‘;f keeP?‘ﬂ% Othexr
PAvamede vz CF Coavyiew Congtank .

F"fc;uvei, Shows the general Schemodtc Tepreleriation &f modulafion
Process, 14 ConBisk ¥ 3-Iypes o 3ignalk  os follews,

Messoge Modulador k »- Modulaled
Signg| _ Signad
Signa)

TS Medulation process
* Me ssage Signad : e Signa) which Ceontaing & message
¥o

be drangmiied , % called a3 message Kignal . IT r alko
Known az bage -band &fgral, which has 5 Uadergo the P?roces”s
%F modyledion. Hence T+ 73 alko hamed O& "Moclwi_p/lsi-?n? w

Mathe matically, 7+ 78 dervled by mt).
Ext mit)= A COSSAE A

where, A= Armplitude of message Kigna| v Vels.
Fy = Trequeny of message Zignal,.Tn Hz.

F4 In -Freq,'uemg.j oloma?ﬂ the Spedhum ef mct) I8 denoted
by M(P) e spechum 18 baadlimited B & nz.

M(F) “Wheve ||IA=F,_
& M(o) = Amplitude =f M(f) oJ”
x S 2P requenuy Fre%enod'
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- . 2 Q
T CRTIET SRl v Th Ts @ high frequenuy Hignal, “Used te

Cavry the Rigna)l X5 dhe receiver Ofier meodulaben.
Mathernatically 74+ 72 denoted b‘o’ CH).
Ext cd)= A, COS@”—F@‘%* 42) 5 TR 3-parameteryk are
Ac= Amplitude of CarTier Signa) Tn Vel
fe = Frequeay of Carvier Sigral in Hz
cfpcz pPhage of Cav¥rier Aignal, in de‘?'me&,

Ls Depenol°m7 onthe alermg- parameles of Cavrier Aignal,Thew
Ove 3-dypes of Modulq-l—?osl-kc\nn?oyueg ’notmelk‘f.

D %Pwde Wﬂ : 'D\mPU:Nc'e f Cavyier iR altered,
ANaLE i F,\mgngy Wr) 1 Frequenty of Caviier (& dlteved.
MobuLaTioN

i Phose w: phage of Coriler 18 aHered,

= eled Slgnalie
~ The vesultunt 8igna) aPfler the process of

Modulation is called % ** Modujaed Sgnal”. Thig Signad Consizk”
of ""Odula%g 53’3an and Caryiey Aigna) |
Ma'lkewﬁcql)_y 04 18 CIEV\O‘RC‘ bw‘ S(’})

EXampe “the Amplitude modulated Sigoa) fov any mt) 18 Fiven by
S = Ac [ 1+ Kamut)) Cos (2af.t)

Where |<q._. Ampliiude SenziHvity parameter ( Dissecuxfos:)cf % Next

Note: . In iz module %ew and qu# dw@
analyeis 15 dizcussed
. mem ! It is q-lecl'm‘nq,ue Uled 1§ Converk
Hme domain Kignal Js +reg uenyy domain) Aigna) .
EXt Lo, muy =B M)
st) =TI sCp)
¥ qraphial vepregentotion of M(R)®SCR) in C““eeld"“ﬁ”wd\,‘t,‘?-

* Frequeny) Rpedrum Gives the delails 9 freguenuy Copponents.
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¥Tablel Qives the Foesier —HrandFor nadon of few Erandard
~Hme domatn &ignals, which are vepeatedly used T Hhig medule .

: -y ' : F requenuy
Time Domain &ianal Foutiev Transformalion
J (F- T) Spetoum
I X (F)
% (4) = Ao Cos &7‘1‘:—]— X(f)= A"[S(?—F'o)-kg(?ﬂ] ;"T » _F S %’
Jr Trfuige -F T
Any General (Cosine LS;’?ned F;ii ic:;:lﬂT Ly SPec;amm of ;&)
Wit amplitude Ao ad | CongisR 4, Hup
—ﬁreci,Uen(c ‘_P’ & (f- ?G) and g(‘P+<F0) impuke Signalg ot
T To. are Impulse 3iandlg. Frequencies =,
and P=-f with
€9-ual amplitudes
Ag
=
AM (P)
() /
LSBT 3 [ME-R)+M(P+5)] w/ \ Sp
| 1 - P—
Produd v T
Waving frequenty ©f, G (a g—o & ;
¥ ME-F) = Mlp) - T A |
C‘Q?Crﬁmuug F /ir\—}#
* M (P5,)- 0 « f_To | ieto ]
LS M(2) o i s
Cenler Frequenty
f=-p,
“Table 4
NN

¥ Aa‘\faﬂ-\ﬂ%ex of Moolu]qﬁon
A Ve Ve WL Wo W AANANAA

%—Avan—&e\gefs of mmg modvlqh‘er) process 0 (emmuni adien
Systems are o’ Followsg .

1. Reducestke heighl’ gf‘AV\K"‘"‘a

2. Avoids mixing of Aignalz

3. Allowg MulHP)eXTn?, vk S?ahq\%

4. Alow& Adjustmenk of Roardwidth

5. INcreases the Tange of Gmmuni cakion
é. Improves Quality} ef Reception.
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l.a. Amplidude Medulation’ (A -m)
NNNANANS NNANNANNNS

Deffnibion: I+ 158 a proeess of alkyiog the amplitude of

" Caryier Aignal ) 0ccordance Wids tre FrRiantaneous Ve U eg of-
message &ignal by Keeping frequenty ond phase of Carryier
&ignal Cotent -

D In General AM Sf%nq\ ,8landard equadion 18 %Tven b*df

scf).—: AT+ kamtfﬂ COSAR et | — *

Ko = Amplitude Sensitivity pararmexty

m{x) = Messoge Zignal
Ac= AMP\?NJe of carater Algre

:Fc: Prequenty of QTTIEY signal -

m: * I Amle‘UCIe Moduleton, quor(mq«hm PTestf an The
message &ignal M), regideg only i he amplifude
of Sit).

* Moddedon Tnduniy (1)
B 1§ fhe, produdt of amplitude Sensihvity parvameRy
gund fre Maxtmum \alue of message Sigval
beu | = Ka e | oy © [P= KaAm]

Kai Arnplﬂude q?WTHVT’r%

lmUr)]m:f Maximum Value &) Ampltdude A mit).

Ly e Maximum Value 9% Moduledion Tadex | =1,

Ly If H>1, the Carrier pave bewmes over modulated.

Ly 1f <1, tse Grrier Wave betomes Uader Modulated

L Tf K=1, The Qarvier Wave betemes cxi¥icilly Modulokd
* T AM, the Carvrier ﬁequmy,li £, e !’ 5 Fon= Frequenyy epmit)




=)

AN NNNA

b i | , ic AM-ST ‘
m and Fveq uency m 0 ol%nj/fxm) i

L& Degfne Ampli4ude Modulahion. Obiain e expression for AX
E by both dfme domatn and Preguenty dormain Yepre Sentakion Wit

necess 9wy Waveformg .
= Hmplitade Modulation -

DY 18 a pvocess s G\D:’?zr"\o’\? e Aampiiiude of Cavvier $ignal

o otccoro)ame with the Tglantaneows \Values b} essaqe A
by keepiln% Frequency and phage = Carrier g:gno.l Conglant-.

mon fw Xi’g\rr) -
s The m&tandeneous Value of message Signa) & given by
M) = Ap s@Af,1)  — () .
Where, A= Amplitude of message Aignal.
o= freq uenty @ Bandwidlh of message Rignal .
+ Tre fnslandancous Valye % Carrler Aigral 5 given by
CH) = A, Cos@wﬁc—p)

wWhewe,

Acr—> AmpITfude o Carvier Signal ,
ﬁ = rf‘@yuenu__’ of- Cavrier Aignal .

Inle ,(now that Jhe Slendard e uabion of AWM X»gna) iR
Fven by,

SE)= A, [1+K;m)] cospar b

—(3)
where, Ko = Ampl dude SerciBvity parameter .

Subsftull M) = Ay, C0SIAELt  f CHuadion (3)
St = Ac L1+ Ka AmCos (A7 F 1)) Cos@npt)

s(}) = Ac[1+4 M cos (anfnH)] Cos QRRt) —@)
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Where L= K, A, = Moduladion Tndex for AM-signal

S = [AC -+ A, Cos &W{Im't:) (oS &W‘P&'—
SH)= AcCosanft + HAc cosanf t. asanf,
We keow thod, (och- cosB = 1 [os(a-B) +eos (416))

trSH) = Ae Cos @AfH) + KAC (hogn (e Ffm) & +
CQ !

}%(COS IR (fethey) &

S = Agcosanpt + PAC cos g7 (p -8, ) + MAc Cosan (2.+6,) 1
4 N 9 KT
carries LS® | use

) —3()
Eq,uod—;pn(ng) dives The St pli .ﬁied eRXpression Jﬂ. AM-&?%noJ,

I+ Consfclk of tRvee -Fre_cyueoUvL Componenk”

e 'Fc -— Caryiey Frequenty wiks ampluqa\e ‘A; , Which
does not Cenfaing O\Oj message ignal

. .Fc-rmﬁ Lower Sic‘e bﬂV\(J (L§B) wWith GmplfMJe %ﬁ
. FC,-‘—’F'D") — UPPCX K?de bqnol “( USB) k),"”s’ quIThde &A’_C
5

'Tal("rng Fourier Hrangformodion oOn both <*des of €Guakon ),
INe get—

StR)= L8 ¢e-k)+ SCP47)] +

t‘;ﬁ [§CF-Ceb)) + § (Pt thefn))] +

L_?_i\_rc [8 (P - (Fetfn))+ S (R~ C-Fc‘*ﬁm'))]
Equedien (6) @ives the fouries trang form of Sd), —>©®




Figure 1) Shew!& The Spedwum of message Atgrnal mi4). and Kt
Figue 1 Ahwg R Apethum 0 AM Nove Sb).

AM ()
/ %m\
_f:n _%0 .F'n S F‘E’g’;lm(ﬂ
(a)
AS(T)
- Ac
S S
______ o e R
Ls )
% FeF >Fae
C Tm -F; FC*F'OW (F) (ﬂ
(b

P @Spdun 4 my () spednmof Am A9

Figure g, ;51'8:;)& e —4rre dornau ﬂn‘c‘ynod Wane Formy .
AM

= m) = Am©S&abn b
&= 'Message Aignal

>time
(+)
= Ac (1K)
é.— AIY\-ZTW

A - ---- Amin= Ac(1-1)

> tiwme
i A (t)
},'L -

_1_____._,___
r j ’

e 1’ s B
Figuxa: o wessoge signd M) & AT W0 TLEEL
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* Trang&mission Randwidlh ef AV Zignal °- (By)

ANNNNNANT ANANAN  ~ANAANN

Te dippevence betneen wpper (‘Si’af{e band ond Lower &ide band
Prequencier {8 cCalled tranzmissien Rand width.

. _ _ . gignal
be, By Ty fig, = Fo A e ¥ . .
fee= e o & F = Pe-Fy
BT = ‘fc_'i' fm- (‘f(_" 'Frzn)

&T &= ‘EQ-'-‘Fm - FQ +rnr)
I By = ‘Q'Fm7 Hz

&
Bord widts reqiiived Por the drangmission o AM-Wave (g
TWICE the moduloﬁng Prequency,

Teddlodion Tadkx, and perceniage Modulatien Todex -

The rudio of messoxge Signa) amplidude kg el 6& Unmedulafed

Caryles Atgnal Qmpl‘:’:ﬁucfe 8 Called * ModulatsenTndex’.
The d

Produe g ampltdude Sershivity pazametes ‘and Amplitude of-
Messoge &ignad 8 alled * Modulahen Tndex’

L-e., | Mw'b\lotﬂon Inorex ) P‘: ﬁm H: kal(md))lmq: Kqu
- Ae 5 : X

percentoige e\:f Modulab on Tndex iR

%Hz..’%‘cxloo @ %}42 KQ,AMXIBO‘

L> Tp Am & Greater than A, . Moduledion Tndex I becomes qreatks
TWan 1 then Oistorkios ie Intwduted Sots The Y8l

LS For proper AM-&igna) “hangmission and Detedrion ,the
Modulodfing Aigned Voltege CAW’\ mugt be less than caviter
&igna)  Voljege ‘A |
,&Eﬁ To Skach AM 81Pa) ke Moaximum & Minimum amplitudes of-
AM Lignad 18 GHiven by Arax= Ac L1410
e A = Ae Li=p)




Expression for AN #iqnal Modulobion Todex e o 757

MPITUm aad Minimue  ampltudes:-

;PSl*)
- Erwelope v StH)
/Aqu:/\c [l"'PLJ

T A Amfr)-: Ac['"“j
s

Ac & - -

PRI Enlpe 4 2020 scollrg ke
We Know Jhat the sfandard AM-&ignd] is Given by
SH) = Ac [ 14 Kamit)) cosarm jt  —c,
Lk Ay MaXimue  amplTtude A St)
Amig=> Minimum omplidude o Sit)
Figure 3 . ghoweg the Envelope c% S [g.e S Acl 1+ Kq m(f)‘ﬂ & ketch.

AM s1qna) Yeache& 1R maximum Value when ) = Ay, o

Anax = Ao (14 Kq. Am) = Bc (1+K) - = Ka A

= =—=—(1)
Similarly  AM Signa) Yeachex mint mum value when Mt = —A

Arty = Ac (=Ko Ag) = Ac CI-p)

— )
qu;c\mﬂ €FUedion (1) WG equabion () e e

)

Amar A (1M M

S ————

Aty ACI-M) T L
Amax (1=[4) = Ay, (1HM)
Aray ~ o Amax = Amin+ K Ay
Amax — Amin = B Ageyt MAmy, :“(Amaj- Am"’n)

**> Mod ulodion Jndex },{: A:‘“-— A':m
max T Amin
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Ex,qmple Tl U,s‘{ng 1he e ssage &’%nod mtt):L—l, DejeremFne
—0nd  Akereh IRe amplitude modulated Wave Por the Rollowkng
moduladfen fndex Values (1) HU=So% (i) M= looy

Ture|Tuly 2013
Ls  Giveq »
ANNA

Mess age (Si’gnod met) = ! LR
I+
() Modulodien fodex =507 = 0.5 o-
KNNANNANNN ANNANT AN e
Ne Know thet fhe Afendasd AM Xignal equabion {8
S = A, L1+ Kamt)] cosentt — o

Fmr Hz 05 : e kinow '_"HOL,” 3 Hz Kq Im(ﬂ)max

> The gfven A9nad m(4) 18 maximum o t=o.

o -~ |
lm(*)]me{x— 1142

= 14 =1 M)
e 140

M) I8 Miatmuwm o = .

N
Im(af) lm‘fﬂ“ I

|, =0

oty

N S Kex lm(f)‘]mq,lz Ko > |
o M: K&: 0057

58 = Ac [ 1+ 2 ) cosanb.t
L _'H-fp-] 00:6

| 4
TWF:}) o :\“Amo‘x = Ac [ 14 an]: AC [i"“ O'S(Iﬂ: ,'SAC.
Amin = Ac [ 14 Kq |9H’fr:;;] = Acl14+0]) = A
% The Rovelope % m) appeadi’  between Apgiz Ac And

Rran = 'S Ae T St A&ignal HO;A &howy 7 Grgunq |
AS

- - —— = — _ih_ﬁmx:l.ﬂc
Oe5 (e %
m— - 2 . = A~ Amga= e
T 771 Niliviw £

' 3 .:'Oa§
FRITEL: AV @ignd For (120




H

W) When p=toog =t - M _il_: 1. (o peKleen)

ANASANNA~ a !mﬁ)] l
A x

o P

MM eqyation i),
StH= Ac [1+kam(t)) costenid) |, muy=-2_

g2
= 8= Ac [ 442 7 cos (amfd)
12 Skedch st~ (+2%)

~ 4
Awin = Ae [+ r:qw:“g = Ae [140) = Ac
A\ SH)

1

JTY Skebch 4 Avvare Stt) for M=4
NN

E 3
Waﬁﬁ%ﬂ the MesSoge Aligvwod,

M) = t ' '
) P Dejermine ond Kketth AWM

‘ l) }/L:SO% (”) H:'Oo% CM) },[:1&5“70
L &fven dodat :  1essage Rigrol mp = &

Eigrol P (

I+>
oo [1 2gh
Oty [ 0:¢ = .
! ot AD
lm(t)[qﬁe.s o t=1
i :3"' :fil S b e For This message &igrod » AN igrad
St betomas Moaximwum of =1 an/
mw!;n.g =08 Yeathes Minimur o #=-1.
S kepeh o mt)
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Coge(D U= 50% = 0o5 5= kT K = NT@@\%&L&)&
ANNANNNN~ ‘ X X A ,+ !
The standard eyuabien of Sc), AN Signal i Rz helibet, )
A x0-S
St = Ac [ 1+ Ko m(t)] Cos ampt Ay AcLt-+ bo-g]
n“ox_‘: °§A‘C
T Kz B s g m(}):—;f-ﬂ * At = Ac[1-0:)
lmct)lmx 0S5
. Sid) = AC [[-}—(__'Q.__ ).)] Cos&ﬁ.‘:‘c'j. and 18 &howe T %‘:3\4&1‘&69,
I+
W:F Foy M=oy - 4 -
M='<W> o= =4 g
P max 7 AT im(—H]WWL 0.

S = Ac Lt Kumit)) cosamp+

S = A1+ 2E ) cosenp
o (cul)] ;
LD SDE Amax= A [ Kaloxtr},, ) = Ac [1#250.6) = aac

Amin = he [idka b, 7= Ac[1-2x0-¢]= 0
The Skekdh ] g4y 12 Bown T oy 4-2.® . (bver Modubded )
Cgﬁ/@ for M= @Sy, = 9§
NN SN

K= qumce)\mﬂ\xr) K,= R - 1ag = Q-

(Wh\m«x 0.¢

XY L1+ kamet)] osam, 4

SW = Ac [+ -2a-sxk ] CosambcH
[+22

S = AL 4 ASE ) cosanpet
(142

To Skedch S(4):-

NANNAN A~

’A“"W = A. [ I+ Ka |mce) \M&x]:AC [HQ{XO.SQ:&__%ﬁ
A

>

min = AC r (+ kq '“]C{T)‘m(‘rn] = AC ["'(Q‘b?gxo“g]: ‘O'$M
The  Skedoh & SH) fur U= ef 8 Shown S Giquet 4-96)
and 8 0Ves Moduleded |




I3

Cage(’? | MU=S0Y LJnoer l‘floolul\a«hm’\c

T o
L HEHHIA -~ Amgn=oesac
&_

= = ____p‘m“ﬂ:PSAC

Caze(ii) U=10DY, & Cridiod Modulabien
[ 0 o N N S, Sl O~ AN

—— -

Wy e | —  _0.S4¢
o N e

— —— — - = <l

(D)

Figure 4.9 AM gignad for

Hc—}r

‘F“’ (a) (=507 (B =looy, ard
©) PzIRsH
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i PR . JUdEE e shakBeiiid e
Cengider —hvo moedulodtng Zignalr
i) = Am Cesanf, £ — (1)
M) = Am, Cos P hind @
IWN-K.T the Hondard egquation af AM-lave P73

S = Ac [1+Komdh)) Cosangt &
InIig Cage m(H) = M)+ ()= AmiCeS &Kﬁ;}# + AMJCosaxfmi

St = Ac (14 Ko (A 05 AR AmQCos&wﬁgt)] Ces QA F3

St4) = Ac[ I+ k&f_»mi Cos @5 «Fm‘jt’ + k};ﬁml&gax{ng (o2 g R f

Ry P
8 = A L1+ pyosanfid +pytosan Fm;*j QDS&W&#@—)

S(3) = Be@®@sarf,t+ Mihe Cos@nft. Cosanfﬁ-r HQACCDSQKFC’SF-COSQW{“E"-

WeT- (o2 A tosg = - § Cas (#-8) + Cos (4+B)}

Sz AcCosamfed 4 HiAC s 8 (b by )t T+ LS s (o ittt
\_srcaryiev o] '\— yloed . 2 N
+ s Ac

Cosm ($e— ¥ )t 4 Hohe o i
g e )T+ C"iﬁf/ﬁﬁéﬁ”‘g
From €3 uodion ®), I+ Kk ¢l eady Had, IWhen wWe have | +—'62
=0 mod u|adia

St e 3—Fr€91/umc}’e§ (fmj,%ml) We g~ dota) fouy
1 ] .

ey Tho Upper Kidebandg (use) f.+8, R +L &
Two  Lower Aide bandg (Lse) £-p - e
c mi"gc @y, _*

'%PPW Fouﬁeb’ ':}'Tam’{?)a"m ’h‘)' e%O\HBﬁ) (5) we 86})
SCp)= 22 [S(e-R)HCF+R T+ FaAe [ (- the )+ 5 2t Lo fo )|

4
. ,L%ﬁ{ (8 (P~ Cherbnd) 48 (o4 Lecthngd)) + %ﬁc HEES)

+8 (Pt Lhfmn)] ”lic SEe-ter,) 4 5 (£ 40Fct5,7)

— ®)




)

Noite
AN

Bhy = 2 W

. 'Fc"“ern[é LS4 Wils ampl[itude

. Fc+1em1—> Usg1 Wils ampliiude

HzZ o

h 'FC"‘_—FG)Q_—L—} U_QB& NA)'.Q'F)_ dmpﬁ)‘uc‘e

Nhere |4 = Meximum (_Fmi : ’ﬁmg_- S5 5 f—mN>

C -

g

;

¥ power pregent fn any alternading &ignel (Voltege Aigrod)
el FH ven by

SR)
.&C T A
J T ******* AT A g
%“' LSB) Acki
Aot BVREs T NET L, 0T A & ORISR T TG
4 f’gﬁb.' R e i s LR i i 1y US_B:L— Ac_ﬁ?‘
T T Tusm.
b, Fohay f Atk T 0 Tty Tobm . Rty thn, °F
— . Speckum For  Multidone AmplTude Moduladion s—
NANNAN T ANNANIYNVN T AANANN AN AN~

o) Band wid?h i The tota) tarsmistion Band widlh fo-
Mudtitone ﬂ‘rmplii*uale rroduleded Wave iR

:zfo Multitene Amplidude Modulated Wave Rhown T €9 uation (5)
W Five different 4 requencies Aas Follows

ot —> Cavrier Zigral Wits amplitude A’

My Ac
ol
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le

e
Expression For dode) Handmitied poner and oled modulatin
Imolex for Muldidene —A—mpl"d‘ude Modu|adion *—
AUNANAN NAANANANN  ANANANAA
Let P, be dhe ~tota) paves fo the AM-aignal. The Multitone

AM &gnou For o modu\ouhogfégnalx Condedin  [FTve different
—Ffecvuemg Com ponentz . TR Hode) power 158 Caleulated a5 follows,

P _Hise USB+ PLSB).—‘— Pussa_
(1)
PC:_A_LC?_—:
R
A (2,
po—p (M) Wiar ar g
Lsg %381 iR = S-R: —-—C—(B-i):Pi
30 gL !
P = PU (Hzﬂc)l Ha Ac_’_ Ac M 2
leee B 0 R 2 ( L) P’Z_l

B

=E[““§+%Jr&h+”ﬁmﬂ

PT = PC I:i—l- ng = Tote) powes & AM Zignal
\ " Q

I hexe ]UJZ_: MM =N

. {Hfz\l Hf_—}- H;‘j:)NQ} Modulaton .Inc;e;)g

To Geneval , Net Modulodisn &des For N-message Sigraly W
Fiven bv

A e Y Vo S Vi




15t

NoE: For Bfngle Tone AM Signad, -
* Toto) power, P = PQ(H'% )

4 4

“'P—'—“P_HL Tote) powes fn

e L ) i (%i’gebanclg
AT

ExamplR 4.3 7 Dederrmine the vurtfo of Maximum average Jote) power

T voroduleded Carries power i AM- &ignal.
B> kT oga powes ) AN &Signal iz given by-

fr=F i +%LJ
Where, Pc

()
= Unmed uladed Carrier Fower

P= Modulaben Todex. Varies from 0 ks 4
P PT becomex Mexiaue o ’.)2:1

R o= R A

Tmax
o= SN P

Casriey Fouez} i AN Kignal 18 1.5,

74 Ffﬁ

= |5
=S

¢ In AM- &ignay

£, veduces the E}ticienwy of AM - Kignal.
Ly Lse 2 Use Carries equn Power * Ecm'fi/A.”.

- The yodjo & Maxiewe +rarrmifed power tp FHod § vamoduloded

Nole ‘o The Maximue power vodiated —from an -AM~b7‘OdCJC0/§Hﬂ% Rletion)

L carrier power deez not Conteling any message s
s The presence of (QTrier power ‘ﬁ’ tn todal power

Venkoatedha - M > IRF & AdTund- FatUTRys Dept of EcE SVIT
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+ Epbidency o AMSxl (1)

I+ %% Ihe Yabo of —doda) Side band power J8 that of ¥

—drarkmifleq power.

L8, == PSE» — PL$5+PUSB
B 7
2
o Pc [+87]
@6: leg‘f? = PC_%L

Et 2 i L—Q\#L’
P’(HE&_) 2T &ty

L = k=
% VL— Q—[-HLMDO

NolE S 4 The MaxSowe SficTency § AM &igal i

1 V=
W L TR e = 1" o = E xiov
max A TM Q+1 3
| U=
S, = 3333y
Mk
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& % F

.3 . SINITCHING MODULATOR ‘-
,\/\/\/\

T+ i3 a Diede civeutt uzed J& genevate AM- &fgnad.
& Explain e opervakion of SwT:RH‘o% Modu lador will CTreuls CX?Q?mm

De .
loiljan 201%

ond wavef o¥rr\k .
L> Switthing rodulador 18 Uged 5 Gererak AM Aignal-

Ciwcu‘ifm s
) fil BPE
( > i iy |
" ! f
' T e ’[ . |
diode | |
|

mit) @) s T % l:g”g}gi‘g@

" Tune )
\ (4) @ ¢
oA
/ﬁd’)
\
6\0@'
I—_______ il 41
e s o M O
. = — 4 =3
(b) V|(ﬂ') o 1;42_ 0 74__6_ )
K b
| To =

|
Figuze 1.3 ¢ (@) Switch () K
: g Medulabor  CTreutd dlagrany
(®) Tdealized pud (vi(h) aad oudpud Vact) g7elodion of Diode
(© pexlodic pulte—traim e Cc4) .
E%\’P\Dlnod’w’on v smzrdﬁsxg modulodor  ConfigR of e 1dea) dfode
Which §8 “Uged o4 a Switth  Pollowed Jog Rand pagg Filter (BPF)
uced B5 Preguenty £, ® Ehowa T £iguze 4.3 (1)

Ls Me&xo%e (ga’gnod ™ (3) and  Currier &fgna) cct) ave Rimultane -

Pt

—ously opplied 0% pul &igna) fur fdea) diode ‘D, 2 Bhowa
® Jigure 4.3(0a).

Ven kodegha. M. T RE & AdTuny Facultyd , Depd of ECE SVIT
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7y TRedobed Tpul Vid) S5 Mee diode T2 Given by

415 oRgumed that o] << A, Thetefac oN&oEF of Diede' D nu?m'kd
+
. The owbput eltag o Diode D’ (3, A

L-e, The ou}PLd— Voltege oji Ire djode \Vaxieg L:e}-uoeen O and A ()
ok a valz eq,ua) B Cavrie. &Tcanod Pe‘o’(od T‘;:—-‘F 3

©

Subgtituls  gquelion (1) T equekion (2D We Gt

Represoding Qowy by

\éH) = E mit) + L. muf) Cos @nf 3+ ACCDS&MZC‘} + Ac T Ac ; m?isow)

The Yequited AM Wove Cerdeved ol -F '3 obtained
C

Pazstg- \4 (+) thvough an ideal RPF hqv,\o? Centex -flm(pumg‘,
CpJ
fe

.% The Diode owlpud Voliag Vath) dependz o0 the Condvol Aigra)
Fpth) ax hown ™ A4Fguse 4.3 ce).

. In-deoms of pevfodic pulkedrain 9,(), Fhe outpul oltege of The
Adlode Con be Wilen of

VitH)= m$d + cd)
g ,\7(*) = M) + Ac (Ces@rf ot [ =

: _ V(1) 5 Whep CtH) >0 =>shown ) Aiquerd.3®)
M=
0] 2 Wheny cH)<o -

g (S

Vath) = [ M) + Accosant 4] T
—>(3)
TR Fouries Sexies, -
i
TP = 5+ = CoSOMEE 4.

v — W
A = [ma)+ ¢ cosanted) [L t2 cosarfed o]

= ~ md: @
)+ 2 M) cosantd 4 A Gsantct 4 é“*c[c@sa 9

e
[}
i

OS4TEA 4+

(<) ﬁ(ﬁ)

and BwW=&%F . Hz
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o The owpud of tHre BpPF 1K

\é‘ (H) = % m(d) Cos @Afct) <+ % Cos&nFed
V' = Ac [1 L) m(*i‘i] Cosan B+
{ 2 7 Ac ¢

Vy (1) = fe 1+ Ko+ ] COSQW?c*j@’;M‘ Wave .

Wheve kG\: ﬁ_._ — Ampli’j'ucje $MHV%# qumme)fY

T Ac
EQUodion (6) i bk &tandard AM &igna) - produced by b
KM?}d\%?f Modu|edor . Wity Caryiey amphdude Scaled down & A
‘ % % * % X Q

KA-4 . ENVELOPE DETECTOR # %%

& Explain ihe sperahien of envelope dekttor Wills Neat dragrams

Aed  Waveformg . Algo mention the Sigrﬁ}ifgnte Q;LLRC—-Hmé (ern3tant.
Tane- July 20(F

L DemodeHm De)ec;h‘on 12 e PTOCQSS % ’n’eco\/eﬁn% -fhe

OFigtoo) mezzage Algnal from Fhe modulated wave o Jhe
Yecefver.

E DYelope Delettor : 1t t5 a Zimple and highly effedive diede

Circult. which & Commonlbc uked For QIEmodula;Hon
of AM-&ignad.

C?TCL.UZ{- d:q?ﬁ-qm -
ANANAA ¢

Fiitey
pagl 0 e m e
LT ; =
1 |
Re :C |
I-J—- 'R
SCt) i L)
AM Wave : |
! |
) s il
| T )

Flgure 4:4@: ciscuit didgrmm of Envelope Defedtw:-
Venkadedha M , AdTuad Facu ity & TRF, Depd. & ECE SvIT
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St

p— — —_ ——

|

V&) |

¢ ha v9ing J)T ! | |
L

?

Capad] vy
EY\VQ\DPQ p:ﬁAM ~-Wave

=] B i oupud-of-

S | [‘ é DIOAASDdt‘Ga
i et YTV Gpaaterofp
| ,...[|-1x1 Ll L b-"*\/olfﬁl

(b »

Figust 447 () Ay gigng 54 inpu 15 thy Epveope Dekctor

O E\w/ge of AMAIgNnal and Voltage acipss Gpacitor

i ‘JU?’f 4@ Showg dhe emvelope de&ec;bmr Crycutt T ooplals
of a diode mnd a Re- prider. This Crradd 75 also known ax
D;ode Detecdoy””, .

Circuwit é]oemﬁon‘

L> In e positive halp cyce of F2 Ahq../gi?na) Diode
‘D’ becomes —FOTNard bioged and cunedt Fows ’lh”o*oug‘%
lood Tesistor R ..

LS 10 me Negadsve balf cycle of Fhe ANM-Wave, Diode D’
becomes vevese based and No- cusrent flows Hhsough
Jood wexiztor RL

o OnJH' pogiHive L\aua of te  Anm Nave appears QAcross
Re- PiMer ~08 Bhown (0 $F9uae -4 &),

Ewvelope
S()
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veRgRE RO EIRS
L Duﬁﬂg Ihe +ve half cycle o) AM Wave, TRe Capadiiod c’
Charged Up %‘9 Jowards Hhe peak Value of Hhe mpul”
Aanal . Lihen dme mpud Aigna falls bebw s Valie, e
Diode -becomes Reverge biosed Aad the Ca\l:qd;}ﬂf’r'c"
d%ml% Fvough the load vesiator R .

Ly he Disdhargmg. process Grttaues Unk| The Pext PDMKVE‘

—halp cycle % AM-Have- When—the Tpul Algnal betonnes
Iveoder Hhan e Witege aciss Copaliyod,the diode Atavl
Cmdud‘%ﬂ? Again coad the process 14 repeated

Ls Thiz Condiouout process o Charging and Digcharging o
G"P@‘UW‘)%V‘% dhe &nvelope of AV ﬂgha) 203 Bhown 19)
FTgux 4.4®). Which ig N £ame Shape o8 fhod F ressSege
&rgnad .

Sekdion o RC Contlard &~

* The Charging dHme Gostank eRscy murd be Vewymuch less
Hdhan The Carviey PeriOo)* ‘/}’ :
e
"EC CqPqCHa:o’ Ckanae&up
Py o Ya,siclltat.
Dischacging Time (srglert ¢ R ¢* ghould  be Jorg
Enough —to erture Ihat Ahe Copactior  dischar

zﬁ\ov\)@ ,‘?‘hro% tHe  Joad ”o’e)i?cf‘rua’fRz behueen pokitive
Peaks of the Cuvrfey Wave -

_ ‘ _\ Toendure
L&, —f 4 R.C K L= sbow DigChasge
t- Fr of Gpacisoy

% g e — ¥k ¥

Venkadegha M, TRE LAdGund- Facultd, Depy of ECE SVIT
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*AM“ ot Amplidude Moduladion 5~

AN AN

1. Lew Raandwidihy

Q. AM- Waves Can Travel Janger dfxlance .
Le;  AM Waved Qovers lqerge area

3. AM dranzmiers are less Cemplex

4+ AM veceiverd Ove Faple, Delettion %5 208y aad
Cost &% ¥ Clent

TRy @ Lingdabiens of AMe

1. poWer Ts Wasted T the Frangaited &gnal |
Q. AM needs Larger Boadwidth (BMT:&N)
3. AM-3ignal %X affecled due +o Noize.

SR

The Major  app cabong of- AM ae
Ls Rad{o lo'ma\chongV\ar.

L prdure Trangmission tn & TV- gysten .
( Televizion B*rooso| CMH’«\?)'
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DOUBLE SIDE BAND SUPPRESSED CARRIER (DsBSc)

NN AN~ AAINDANANNN ANNNAN AN

MODULATION

/\/\/\/\/"\.x AN
Ts oVerCome the dyawback of power klastage in AM Wave

DsBsc- Modulodion 18 Usged.

Ls DSBsc is a mettiod of <hrangmission of message Aignal, Wheze
only <hvo Aide bands qre Franzuiied withour Jhe CarsierSignad

AANANNAN AN ANAAC

Ls  Amplidude Modulated Wave fm which ke Carrier 12 Suppressed
‘& Called D3BSc-KModulabion”

16 . Ttwe and Faeq Ueaty olomaim dQSCTTP:HOﬂ of DsBSC- Aignal |

ANAANANNAAN PN ANANANNA ANAANN AUNANNAAAA CNNANAN ANNA

Lk mb) = A Cosant, 4 — ) - Modulahing (31gna) Adnd

cth) = Ac Cosarped — @) = Cawier Algnal,
Then dhe Time domaiy 2xpression for Dsesc- Aignal 14
Fven by, ameh)
SE) = m&)- C)

S = ACCDSM?(?-M&)‘ \ | —>t

EYuntion (3) 14 the geners) || g
Expression of Domsc- Kignal Par ' |
Uy Message Agaal milt),

for ) = Am COS &t i p‘"‘ﬁ :

.Y

N
A
&

S = Ac CosQRRd X Ay Cosanft

P~ - o T o = Mt
SH)= AmAc CoSQAfF. (osQnf +
c 0S8 '?rn Frguaf 4.6° EJS\%C MDO\Q‘M

VAVAY S

WekeT Cos e CosB = L (Cos (884 cos(ate) Hgna)
NAN

LS = é@% [C 08 &K (fe~fmy )+ 4 Cos an (gcﬂgm)ﬂ W
Venkodegha -] , TRE and Adjund- Facutty, Sept §-ECE SVIT




Take Fourier Tran&form On both Aides 9 Equedion (4),
he Geb

- Amhc [ g (p (pm
()= hﬁ[g(ﬁ (Fefid) + 8 (P +08ein)]
T A Be T8 (p-Lectid) + 8 (£ +Drcr i)

M(F)

Am

Uy 7 ‘
Figuse : @ spednim g mi) (02 S pedien f Dsesc Aigne)
Hbove figure Khov\)x”rhe Frequeny Spedsuay of o DSBSC ATgnel.

° We obRevve thad 0n etther Side of t4., Wehave LsB oed USR
NI 5 O(mPITNJe AmAc

o Carsfer <erm ?&45uppve35ec:, in the KpeUouay ok theve (8 M0

Impuke ot ..

N@SS- o The DSBS (- &94‘\0) St+), —uﬂclezrgoeg a pho(seReVewrqu

WheneVer tie message Kignal Crosses zevo, Gk Showa
T $i3ure S-1.

- A D3SRSc (&ﬁgﬂal (oo be geneyated bbn Q WEU@
alko Called pr{,q;)&tb‘ Mo&ulodmj

NSNS
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Genevodion of DSR-3C Wawve -
ANNANT AN ANANA AN

The ole\/Tceg Wsed o %l(mezrak DISRSC Waves ove knowﬂ AR The
produt Moduledo 3.

Message roduc
me  —9- ) Predud DSBSC o
Signal Mbdulatos W <iana) S = m4)- C (4)

I%ﬂgg{al Ct4)

The mo&t Commonly “Whed produyg- Modulator Jo generalk D3SBSC
Signa| ?K“R'ma Modu |etos,”

Fa W s ONAANNANAA—
I+6. RIN& MODULATOR s %4
ENNNA - ANANANA AN
& Explaio the 9enea’o\+7m o DSBSC Wave ’u&?ng Ring Modulator
ond alko Skerth The necessary Iave forms .
Ls Ring- Modulator & a produd- Medulagor -tiRed fur Gleneya fing

DSBS ¢ ~Moduloded &ignal.

Clr e dlogram: D1
o T ey
f 4 >0
I T3
4 |
m —
e Viepl P LSt
el ' DSBS C
l , | J,ngm}
| ,' v
=
BPF
Wi 5 ..FozF’C
&Bi\):@)em

C(+) Eyuare Wave )

S AR e el 8, T
Ly e CGrcult dfq?mm of R!‘n} r ooju foador iz Showa ™

Figua 1.4 Congisls eof —two Cenker—tepped —rarsforms

T1,Ta aod Four dfodes D1, D, D3 aad D4 Cenned{d )
bvr'olq-e Cscully 0ad o BpF WIE (entes frequenwy Fc 5 Bwz=a&f,.
Venkodexha 3 , TRE ond -AdTund Focu |+ SVIT
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&

b the Coarriex Rigna) 18 applied ¥ e Cenler JapX of the

fnpur (1) and owrput(Ty)dransformers . Modulabng. Aigna)
75 opplied f6 the Mpud—drans formey Ty .

Es The oudpus- Woltege OPpPeavs Ql¥vss The Secano\amj, of- Tre
Hanstormes, Ty (Abter passing through BPF) .
L The Diodes Geneued T hhe bridge CTscuid- (Ring) acls Kke

Switthes and 1heir éw?fcwo? s Gnkolled \93, OTTier
A%Gna) (3Fuare wave).

Crycurs 0]36'0031"90 =

AN ANAN ANAN

Ca8e(D ¢ khen The Carrier 1R +Vve, the
ANNN

o—r

Diodet D1, D2 becomes oN & Dioc‘&z A
D3, Dy becomes oFF. mit)
Heace the Medulator Multiplies mesSage J/

Afgnal m@) by +4.,

Lo, Vo) =mE)X (+1) =mlk) | 7
Equivaleat circwid 8 Showa b Pigused. (b F U160y

buriag tVve
nal § cycle )
° Cth)
Co&((w "~ Idhes I Coazvier 18 —Ve ™ .
AV W N

+he Diodes P3,D, beomes oN &
D] ,D, beComes ofF.

Hentrthe modulodur muiplies
message AZignal b '-.i” oA
Shown T PJux 16 @) .

ey Vp(d) = M) x-)

Vo (4) = —m(4)

G ©F buring —ve

"olfade Hed
Ring Modulator eudput o the Seconclcny f{F"{?Cerﬁfmma’
Ta 18 Given b*f

VB = mE)xeo)

53 Cembmﬂmg, Caze(G) aad Cage(it)
The

__( 1)
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The Squox Kave Casrtiey C(1) Cao be wreéef\‘r@‘ b}f o
Fourier Seriegs aR

cr =4 > e
s e OOSEJ\‘%@'(&V\*—IJ

aoa i == 4 '
) =2 [:cOsw\—Fqu ~ L eosempet +-- -]

Sl
" Substitulr Euedion (2) T Vo(#) 23 Uabion () Ne 9o
\olh) = M) x & [Ces..zm:} ~ 1 Cos6mbet 4. :)

IWhen Vo () 78 POA&GJ "H%wug% BpF Yavie Cen’reafgr@;,uea
“+. oind Band widts ' &]Pm Ne gel DSBSC (%31%»@ s

52014 03T
StH= 4 mu Cosmfet|e DSBSC gcoeruled Arom
Y RINg Modulatuy

MQSSO\%J?
i gred

>t

c)

SH) 4

DS8 Sc~-Nave

Al _51,_______h_l____

FiqU® 4-¢@)2 Time Qomain NAvefems 0 Ring Modulte -~

7 =

venkalegha: M » TRE L Ao At Eatu Kl Deok e85 sviIT
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f+3. Cohevent Detecton o

NNANNANN
@ Wih relevand dfac}mm @xplain the eperalion of The Cohevent-
defection of DSBRSC Moduladed Waves. alzo €xplai phase exioy
Olad Frequenuy e¥vor. '

N \
S(t) Produ s \/CE Low pass ’
Dses—bcq; Moduotor Filkey | i
S19n

Vio= CoS (9@ f T +<f>)

Loca)

0S¢7 llator
Fy Usf |, » , -
LT Coheyeat Dededor fr oo figne

pNllie Moduloding 2fgnal m+) 18 Tecovered from o DSBSC Wave
SW) by Ushrg. Coherent Deedor sShown T figus4-7.
¥ I3 Gesislhi of o produy Medulader, which multiplies
DSBSC &ignal SE) and Lowmily generated Smusoida) Signal
from Lo oA lodor. Then Multiplied Rigred 15 pasied fhaough
dve LPF, 74 produtes vequired mesSage Zignal .

*¥ For Fodth pul Tewvery of The nIeSSOGe MgnoJ ), the
JoeJ ostilledor ewppul- Ahowld be exactly Cohevent (29
St(fmckron'fgeol fo)  both ’FTC’%UemeL and Phese Wil Mk of
Fhe Qurrier Nave ¢ -Uged Jo generoke DSBSC- signa) ab-
Lre Jrarg mides ead.

*x TP Lol 0gdilladesr owdpud (3 ot /.a(fm%wn'iz,eol Wi £ had-

o Carvier Wave C($) Used o Generale DsBsc - &G0 s

Coheverf Delector produces €fdker ¢ phase evror’ @
ﬁreﬁpuemuov exvor > A0R follows.
PNANAN

NN —

Leb  Bhe oubpud Voltege of B locd ogdillodor 7k

V()= Cos (TFpr+4) )
where b= phase evror
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LTRen the product Med uledur oudpud,
V) = S(4) X V(&) — s ®
W-ke T, DSBSC- £Agna) (1) = Ac M) CosQnfcT

L VE) = Acmd) Cos@rfed X Goy@RFct +4>)
R R

AVEH) = Acm(9) [ws @A} + & — A% ) 4 Cos @«A—&chm%@
- ,
V() = %. ) (4) [c@scfg 4 cos (47Fch +<f!>)]

Whea V(#) is pagged Hough LpF «Lcw'“mg Bard%)icf’f'%?-ﬁ:

e qet— _
l:;(*) = —grc C0$4>- () ﬂ oupud 4 LpF

. e Demoduloded 3ignal Vo (4) 14 proporHena) 35 wn(+).
ond Cos = phage €¥TOY

¥ When b= 0" 2 Vo) = A muy = outpd Vellage s

MaXienuen

Fulhen =9 ° Vo) = 0 (< 0S95=D) . Then The bubpiud-
Vologe Vo(4)is minmuen (zem). This e3jedt s Gilled  Quadumiue
NUll £peck of She Cobereny DebeCoy
o~
Légﬁm‘flqﬂbz 1§ Frequencies ave not (Stfnckwnigedg ie.

Lowd 0ACk)odurs 'Fﬂ%uenué fc' = Carrier frequeowy .

Tren the Frequenwy At He vence 18 )(?C'-EC).:AH

Ly e presence of —fr’e‘;,uenuj d deren(y | M » Rezully

o Shipe ?m roduloding Bigna ‘F‘"ch/uenoj,.

L. ”FTeﬁ,ueooj bjlh:\e oud-pud \/OHﬁg( K?%ncd 4%— Cohererd

Detegroy i8 f,= fFof —b Upnard Bkt (fo<he)
13 A}i8 Negadive :
o = Fo—af —b Doy ward SWES (£ 3Re)
Venkedesha M, TRE £ AdTund Facultds Dept of ECE (T3 &Fi8 Porarive)  sviT
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Problems 60 Cohevery Deletor S~
ANNAN NANANANAN

NNANNANA—

¥4 MLM Qongsi’o)ear o Message &£ignal M) Cem}a?ﬂfng, —Fmi/mmg—

Componens o 160, 800 0nd 400 HZ . Thig Aigna) 18 opplied 5
06 SSB Moduledor Yogether With a Carrier ab- 100KHZ, NIR{S
only tre Uppes ide band Yeldined . Tn the Cohevent dedector Used
o yecover mi), The Lo 04U ledor Supplies a Sine hove of-
Ffrequenus 100.08KHZ . ¥ <% Jure [Tuly-gol3
(") Dederm¥re e Frequeawy Gmporenls of the detecrur oudpud-
() Repeod—tre Ooalt(rixj %Summ?ﬁhod"eﬂ\gﬂhe lowoer Ade

Aband 18 Trangmitted C4qu%)
Jul -
> G i ot e ed ot 0
ot 358 Moduledur c = 'O0KHZ

Frequency Compoens of mit) = 100 HZ , QooHZ & 400H?

: filae L ¢
=205 Ulben the Upper e baed i Teloioed ¢
(fc+ﬁn_) Fetfon— ¥c| !
vig ) P:L'Q‘:’S‘duudlm —Lr > f= for (Fe-£c)
5 o
fc =100k H?

% output Frequrenies 4 Cohere) Delectar ave down Ahided By
Ay =P~ P = 100-0QkR2 - 1DOKRE = QOHE

%> dudpuWr frequencies are (190-go)=80H2, Q0020 =|80KY &
ﬂé)‘o,.&o = 380H2 %M\ tk ﬁi_ Tak

15
e

Cose(iD) 0= pihen Lower &ide baad i6 Trasimiticd , oudpud Freueodey
,;?A’Ebherec@ detecty & m:fm“f‘iﬂ . i.e., all the message
Rignel Freguendd ax 2Wijhed Lpward B?f 2} = 0N .
o Frequeney Grposerds of he desechor ouppud OLT€ 1801 » R80H?
ond 4801 -
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(FF A
.8.Costal Receiver i-
NONANANANC A~ - ‘
& Explain how (pates Teceiver Can be Wked For democtulo«hﬂg
DSB-Sc Sfgna). Tuee [3uly — 2017

(M)
I_> e COMCX P2 @ Pmcﬁcgd e%ﬁmd'rrmo% vecefvey

Eystem , suidable For demodulading. DsBSC- Wavex I+ iR
ko ramed o5 (ogjas loop @ Pradicy ARt
TG Aftfw - 1-channd
Rlock diogram *-
AOANNS

|
Filtes |
; Etkrgmduh'}’

HE s
CoS (AR A+ )™ - ——— = 19nay

Phaze
DIZCHF minatoy

- Prod Ut
Moedulator

DSBSC - §igna)

S )= AcCosgnft mi+)

|
I

| L AcSindm(t)

Figust 1.¢ ¢ Co(§+ezz§
LESTE@er @ Cstar |op

Ly e Comtar wecelvey (oriklE o2 o coheverd detechonA

Supplied Wilh Same npud &ignal (DsBSC- Wave) bub-
S(t)
Wits fodtvidued do ol 08 dlloder £ignakk et ave phase

Quadradure Wis Y&ped Jo each othey . (1-0-51he Jocel OSCillodor
INANANNAA
&igralt Aupplied BThe Produd moduldders are 98 out of prase),

L e  Coherent deleckr ™ the Upper path is weferred 5 0g The

In-phase defecsor [@ T- channel] and thod ) the lower pat

& wepevred & ax Quadratase - phase Dekdmr[@ @-CWV‘WD e
Shown T figuse 4.

Venkadetha -M s TRE & AdJunt- Faculty, Dept of ECE SVIT
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operodion :

Ly wheqy locoy 08 lledor &igna) §& of fhe Fame phagse and
‘F‘T@%Ueacy ok’ thot o Carriey wave AgCoS&rfd URed ko g.memlz
dre tncoming DSBSC Wave. Tren ~the T Channel outpud Corvietin’s
Ine degited dempdulabiog A1gna) mi) oad @G- Chanre) oudpud 1
R,

WN-k-T, Vo = %C - m\(+) cos

when  (amer & Byadonided =0’ 2 [Cose’= 1) & Emp
=0
Vot = .% s ()

and

Vog = %cm(»}) si0d = %f mE)XO = Cﬂ

Ls re oukpuwt~ Volages of T-channd and @-Chanrelg aze Cermbined
" phose diacyiminador and T+ pvoc'uces o Dc- Conto) Zignal.
THiz DC Contw] Bignal 18 fed o Voltege Geatrolied Oscllator (Vo)
“00d /Ouziong”y, w oay phoge evTois o) Vollage
(endlled 0Ad oot

' Vco Casrier & always ™ &dmclwomu% Wilh That S~

e Guries Used 5 generaly DSBSC- Aigral. +» Demodulated
oubpud 18 olway equal S5 [Vor = ACpyy)




9. Quadrature Cavyier Mulfiplexfag

ANNA ANANNA AN~ AANNN— NN

(& W5 Televand diagramsz, explain the epevalion of T
YUadreduse cavrier multiplexing Frankmitiks Scheme dad
vecetver Scheme. Dec 2014 [Tacr 2013

: M.
> Quadradure cavrter Multiplexing 14 @ Jechnique W which

We Can FJran€mil- moze Number of Signals (Dsasc-wave)
Widhis Jhe Same channe) Bandwidth. Thig—fechnigue i also

Named OR QUquhTe A plitucle Modulation (QAM).
R Erens ity

i) 4 Mulfiplexed
m — )] produy- S F—a>p Signdl
1) Moedulator &% St)

1

- A Cosar it
=5 "
| hG&(’-SH‘(“{r
Acél’ﬂ &ﬂ‘rc'ﬁ
W, (8) o[ Produd |

Modu lator So(#)

F79 @) Quadsaluge Qrvier Muliplexing @
Qe Trormsies

Figure @) Showg @AM drackmidier. T+ Gogikly of <wo produd-
modulads g thod ave Supplied Wil Castievg whith dijjer
i Phoke bﬁ‘%o'( phoge ®uddwatue)

* e ouppud of e Fwo pwc]u(y modulabins ave §umm ed
S Pma‘u(e muM?PkXec‘ &‘W.sm.

Ley SH)= Si4)+3,4) -
St) = Acmy(4) (0s8AfY -+ Acm, () Siaargd

o QAM-Froesmitier Qllows o moduladed (DSest) waves &5 oupy
the Same Fransmissiosy Chaonel Bandwidth .
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.. The Multiplexed Rigna) &(¢), ocupies G channel Randwidtt
of Bih=a&k 2 W= Maximum(qui?.fml) Cenpered o Ihe CAvvier
> ( )
Frequenty «E;C(

Q@AM - Receiverye_
NN L]

producd’  b— >‘  pr L S L |

Modrlertor | LPF | aACm'”)
Mu Wi plexed gy e SR S

S | N Ll

/ﬁgnd}jsu-‘) b T=gye

Phase shifler

Sin 2nft)
: - Voy(4)

- Figux(b): @4AM wecévér

PFTgur 6) hows the @an veceives, mhich GosislF of o
Coheserd de}ee}oyg Which are fed Lnd Jomllhp genemfed Cavxier
A1gnals HQVM? Same Fzre’fwemtg buf ouk-of - pharse bkol‘ 90

» The wecefved multiplexed Rigned sis) is applied f5 The 4o
Produiy moduletoss.
L The audpud of Jop produdd Modu lagwrr 8
Vi) = 8@) x (bsanfs .
L>The dop Lpr vemoves the Hgh £requenty terms and o lows
only  Acmii),

3 oV ()= £S oy (4)
Stodarly A oubpud % boﬂempa’zﬂu@ modulatuy %
Vo (#)= S#)xsinanfcy
LoThe bottesn Lpp Temoves i /Q\\% FPrequenaydesmr and
a\lows @zﬂl% _é_c‘%ﬁ) 5
ba,. v%?(’,f‘) :§§ m&ﬁ)

AP odion 2 ctised B coler TV

< T4 18 Raod Width - Congexvahon SCheme |
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L-—M& of- 05 BS ¢ ~ Modu lahen &

ANNNA- ANANAS ANNS
1. Cavriev signal 1& Supressed
Q. Low powey @MUmth,

Se EFFT Geoy 13 move than AM.
4. Tre Moduladion System 13 Simple.
5. Linear Modyledion.

|* Dgadwknger @ Limidodions of DI8sC: vaddlsbion -

AN A
4. Design of weceiver 1S Cemplex .
Q- Band widts yequived IS Same o5 thak of AM)

- = 2.

* Arpliogom o DX -
Ls Point 1 POM+ (o Ui anbion,
‘L> %‘0% TV Eystens ¥ Frammid (©lor Inj’érw’:—ioﬂ,
”
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1110:SINGLE SIDE BAND SUPRESSED CARRIER (338SC) MODULATION:
ANNNAN ANANANS ANNAN AN ~ANN- NN ~ANNN

Ly zdaadasd AM and Dsesc Modulebion requives o trangmission
bandwid®h of Bl =8k,

]9 «o In bols AM g D3BSC- Modu\ah‘on, hal £ of the drarmimission
basd Width 18 octupiced by the upper Aide band ef ke modulaled
Wave aod other halp of the +ransmision BIW 1 ocwpied bal LsB.

Ly The UsB and L3k ave Uniquely welaked 5 eath other L’};/ |
Viziye & Theiy (’ngmeﬁ? aboud the Cavrier Freq Uty ey,

onhot one sideband f& necessw«} m—hrongmigsion gjl
MeSSo;ge Aigna),

Ly When onlg one Side band i€ Frangmitred, the modulakien 1S
Yeferred Jo ag ¢ Strgle Side band MW”

Mkt SSB- Muduletien :-

}

Messege o} produd L~ 1 Bard- pacs 0
Signal Modulatoy | PS8sC Ei Her Modu ded Wave
s £igred S#)
W AcCos SAF I
Carvicy Hove
Figuse ° SN
Py descrimonbon shame for e

LAY S S LGOS

'Fye‘?rueé\ud deAcriminotion Scheme for e Jene rolios) of SSB
Mooluloded Ianve ;5 Zhowa S above Figuare

* T GnRizG ¢ produd Modulahw Followed by Rpr |

 The owpw o the Produd Modulodor i DSBSC Bigrol
SCE) = ME) x Ac (eS8 eI
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oS = Ac M) CoSan £3 n

T‘?vk%(} Fourier tvanmfrrm  6n bolh Sader ot Cauedie 1) We gF

S|(F) = %C [ Mee-e.) s I\’I(F-ch)]

S® = A Mee-p) + Ac M CP+Fe)
s &

Cam “ e

Wheve ni(e) is Frequeny Epethuan 53 riessage Aignod =)
A% Rhowa T +igure 2 (a) .

The apedoun o DIBSC Aigrod S0, Bhown tn Figquae 20) ConpisB
G both fhe (Sde bandR (LSe & Lse) Cedered With wespedt o
Carvies freq uede ]
« When D3Bsc ATgna) iz passed Throngl, BpE Witk T (ks
—lzrecz/uemy, P and Bandwidls ‘I’mz. If P+ Hramsmily LS
Tren We %t Spedruan ot SSe Moduleded Fgvnn .

SCP)= A Mpre) 3 Ss8 Moduboded &Fgral
— @) WilF only Use.

)

(*

L

- I¢ Bpp odlo R enly LSE/TF)e

- A
SRz — (MP-P)) 3 S35 Moduleded Sigro
— () W7 15 oy L3R

. The Smgle Sidle E@mo’ Suppre ssed Qurrier modulated Aol

Q
) poodyced o the owpuy 5} Bpr Comamhf one

M ond Carriey A1gnold , other gide band ome elfminiel
[ T e e N — ;

®
Suppressed
The Frequenwy demeun dekcsiplion of S98 - Moduladed ﬁ%@&v

'8 Cleasly wepresented T Frgure 2.
pi'%q,re &(C) /SL'\OVOX —rhe X}_’)@Chum af SSB"S?W LJ)fH USE)G‘)o’\lbl.

Frgurt a@) &hows the Zpethoum of SSB- Aignal wids LSBbznl\&,

o Traogwission Bandwidlh & sse1_ , _ Halg of fRat of
Moduloded 339 nal Qs&% :“" 'BT_ W &= AN & D3Bsc-&Tgnalg|
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\ M(£)
M(0)

\ (@)
5 > -P

LSB bise Q’?)

[\ '““/} (>

—?C _.ﬁc‘?w O :EC‘\/\. 't
1 C
S 7

Figure 2: (a) specnuan 9 M) (k) Spethum @ DSBSC- Hgra) i),

© Specvm § 558 Mod. Bgn (@) Spechyuam of SSBxtodulekd
aviog only LSR S (4) Sigra) L\q\/hﬂa mly LS8 .SH)
% Prd\/aﬂ‘«}ﬁgﬁ& @JQ S4B -Modulodion o

INAANNN A AN
1. SSR-Moduledion Tequires half of the Bacdwidih requi red
for AM ond DSRSc- 8ignal.

&- Due 4o KupprerBion of Carvier and Oae &ide l%md, [Power I8
Saved

3. Reduted tntesfesence of Nolse.

4. Fadfog doex mot octur & ssp-haermissios -

d
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s Digadvontages of SSB~

ANNAN AN AANANALNA-

1. Tre Genevalion dad weception of SS& Signal is A Cemplex

process .
R SSB-Modulahien Bysten 7R Expeniive and highly Cenplex 5
Smplement -

nce The Carriey Gﬂol One {QX\dQ Bo{qd ?/S Supp‘zressed 3‘“:,:3 SSy

Fvandmitter and Teceiver needh have Excellent -FreCi,uemu#,
Btabilthy

+  Appll ot opg % 3s@ -

ANNNAN—

1. Mobik Gommunicalion Ayslenn @ (Siace SsB IS power Foviem rovclulodio

—"

Q. SSB 18 alke ULed fn opplieieng o which bandwidih veq wme

Qrve Low.
Ex: e poiat o point (emmuai etion
« Telem

* MilTdasy appkodiong
o Radio NOW?%@J%OT\
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F VESTIGIAL SIDERAND MODULATION (VSB) *-
ANANANANNANL NN A

oSN\ ANAA~—

NeSesEI N ©® Need For Vs riedylatien:

L 1he s3& modulabon iz no# appro priole way of- modulben .
Becausge The upper Side band and lower Kide band meed at=
dhe Casyrer vF'req,uemud 'fc’ and 73 8 ‘\/ezsl# o\?f,ﬁfcu{- Mwe
Omd- Thevefore Ferevadting ssp- afgnal (2 challenging .

—> To ovexcome Fis dtppicuty, Hhe medulation Hechei e Known

0% Veg§igtal Side Band (vgR) - Modulahion” [s “Used.
> VezHgial sideband modulaged &ignal (Vsp-signal) cenridl of
*Almost one omplese #1de baad and

° \/egH’;ze ( gcgajcﬂe) of :Qﬁe othey AZide band.

* Gogobon o Vse Meduleded e

Message P%’Od ut- DSeSc | S Tole Bﬂfﬂg VSR
mit) S s A
& 1M <7 Shapts Wave
gral 7| Modulator S;‘%@;) Fites 8 A
AcCOSQW«FC"’

cayyier
3ignNa |

Fraused : VsSB Genevolor

AN  ANANANA ANANNANA

* V3B Rigna) generadmr Corpigiz of & produg Modulador aqnd o
Sfde b and S\napm EiHer ok &hown T Piguse 1 .

* Produd Modulabw generaies & DsRsc Sfgna) aad Then pass
¥ Fsough A side baad (Shaphng FiHer.

« Lt Hep) bethe dracmiper Puadion &} Side bood skqp}n3 PTe v
Thiz F7Her wil| |pass one Cornplede ide band Odw‘? With a
Vestige @ drace Q. parp of —UnWoasiied (01*6%) side band .

—
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D> The welation between the Santper Puathion RHCp) of TFhe 7ty
ond the &petiumn S (P) of dhe VSR - Moduloded wowve S(#) 14
depfned by , SCP) = S,(F) X H(P).

A
S(f) = _59 [M(F-PC)-\— M(?—H?Cﬂ H(F)(

AM(P)
/”\“’) ()
=N 0 W >F
A45,(£)
ekl b - et 'fé—ﬁ\l/;’c\r;m =
b (
(
AS(P) r
(
A Veztigeof | U
A /.
— () | ¥e ; L §

Figureq ¢ (@) &pectsim of mB) (b) Spedtrum of D’SB‘SC Signd S;&)
© Spedme of VSB-Moduladed Sgnad e

F?feq/uwu?f dematey deLcat paium of /3B moduladed wove "2 8hown
™ ATgured. Figuse @) 13 the Kpecinum sf Dsasc &gnol Pb’u:SwCedM*
dhe oudpud of producs Modulateer . Figure 2() Ahong The Apetdruum
°f VsB-moduloaded Signa 54 |
Feom dfgust 200 T+ 58 evident Yhod he Tode) tTaeRMisSSion
BandWidth 6 VSB-Modulded &ignad i higher Than thal

of SSB and Lowes thag tha of Dsa_sc,-s??r\gﬂ-
(-2, W < Bhrgep < 21
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* Demoduladion of VSR- Moduladed Ilave o-
AN ANNANN

ANANAA NN

\/SB Maduleded Produd-

—— | Lol pags S -
s‘s’gnaJ | Mod tllatoy ‘?Tlfea \6e)=my)
Sit)

COS&N—FC‘D— '
Cavyleri
si9Nna|

FELEET Demedulodion §ySE Sl

The  Demod uledion of VSB-3Tgna) 18 achieved b*ot Wikng o
Coherend Dejector o RhoWn o 5 gure(3)

“Advartager op vep:-
The Majos odvanteges of VSB Modulbion awe
Ls Tre Yedudion T Bandwidth . 1478 almogt o5 efliend- 0% That-of-

SSR.
> Bosy Jo design The 5 iter.

#ppll odiong of Vag:-

Ly vse moduledion 72 the Atandard Modulabion +edhnique used

for the +rangmission of Tv- signakk -
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FTQ%UGOCA& M [ Mixing @ Hedexodyning)

L—) IO dhe Ccommun Codsen Aysterns; Tt i3 Y\eCeSSW%ILdB —+ranslaie
Meduloded Wave Sit), Frequeny W Dowswond
i Prequency So that 7+ occupfes a new £requeny band-

Ls fee., I ('FQ’ IR the Preq uenwy of Moduleded wWave St+) Then
FW?/Uemgﬂramqurozr chaages modulaed Wave :IQ‘”W%E‘] (:fc) =
Cithes Fo+£ = Upward Hranghion

'ﬁc‘ﬂ_ = Dowe ard +rack ledion.

_* '
' L—> F requeowy—trangledion 18 ackieved b:% *(,%"mc(:}t o P’req/uemuou

¥utiplier ( produd Modulator) Poliowed Im(_f A Band pass 7 Ber
08 &hown Hauee 4.

MIXER
DSBSC | e s - z{_) ——————— !
Mod ulede ' [ produg- | V! ; SV i)
S Stgnal ™ Moduidter || BPF |
e o TS R FEIRY
Cosamg k-
Lot
OSC’FIlath
Figus 41 Frequeny Trangledion @ Mixing 69
dewdgn\ﬂ?

Conx’:’o,ea' & D3SBScC Moc‘u\a’r@[ 5'?’“’7
SH)= Ao o) . Cosankcy — ()
*Where m4) fg imided 5 the —FzreCf/ueG\Qd band W < F < W shown
3 T Fiqured(a)
The -Fousier Hron&Larmn of € Uodion (1) 1]
SCe)= B [Mee o)+ MEB+E)) .

« The &Ppedsusn oﬁ S(4) occupfes the baod o Ereguenc er (#-N)rﬁ
(BAW) dad — (Bo—i) I8 — (Bot+W) a8 Shown o) Figured) s
i
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SV Freq ey transiadion T Lower Freyueany

bes (§e—> £p= 2 ) (ool freguienuy)
/}mi The owpud of Hke Produt- moduledor TR G¥ven b«ot
Vi) = SH) X Cosanf+

Vi(#) = Acmid) (osqng+ x CoSamft

= Acm
Vith) = HAc = ) Cosarn (et )& + Ac™) cos gm CPet FOF
, S

> B)

Taking Fouriertranzposmohion on both Bides e Gt
P) = Acy
ViR = ZE (M- oc-piy)+ M (4 cee-r)] +

A
—Z].C_ [M (F-(EC'\'FL\) + MR+ (FC+PL§_]

—> @

The &pectoum o Vi(£) i5 Ahowg T fFrguea. ©

AP pass ke produd Modulatur sudpuwd- thoough, o BPF'HQV}?

Fhe Center -}aﬁﬁfyuentg fo= fe—F & BW=2W , We gou—

i) = Ac ~ -
V) - () Cos AP~ - A N
= X (£~ F)) S M) S QAf,+

Takmg Fouriey Fvans fovm on botts Rides e (}U_—(S)
Vo (f) = %9 LME-f)+ ME+R)) 18 spedoum iz
shown $n ‘f&lﬁgub'e 2.d) . ==a=c))

B}f Cem partng equalion @) [s(.{a)] and ouwrpwr- of BPF

%) 1415 clean that  fhe Center Prequenuy’f
of DSBSC modulafed &ignol s&) T2 drarsladed s a

New .Fweq,uemuoe band E: -ﬁé—?ﬂ

Cose (if) =
ANNN

F&w cy W«xﬁon ﬁowex Frequenty.

AN

. U -
D fe—s Bprh, (P0G Frepseny )

> pozs die Produd- modwedur oudpud~ Vi(#) Bhown w €90 (3)
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e geb Hhe oudpul- - BPF

(o

PO -
Vo(+) = %C. mM+) CoSARN (BetfL

j ’? :'f’c—\—'ﬁ'__
Vo (4) = :‘&C-mc—t) Cosanf, ¥ 5

\

— (N ) %d’
+r ) both &d(% We
|a|<m3 Fourier Gmfdrmodﬂan G¥y bo

Vo (F) = Ac MP-£) 4+ ¥ () —(®) F
Q T [ o F 3 M;iwo\’f@’ gagra) &
- -TRe CEI\;R‘ ”FD“QCL/}JFGS('% O}' '

= £
The Spedrum of % (£) 18 &hown o) F7gure (& .

[
M(£) ()
-N 0 N
ST
e Sy b)
N T T Ase) /\ (_
/\ e
7 —_@E te
kg MR o 2
: L g N ! %‘_ ' t .f.f..'a l
RS = TR flke™ TR
| ARG D T S _‘J’.‘l’&(f) o £ I C)
& _[ ] ! : rI | |
| ; ' : l |r l |
I' ; y “-}’o : -ﬁz_rc-?,_ |‘ [
a A\(Q(-ﬁ_)_ etk = e 7 : ®
b e /\
| i |' |.
f f | ! ‘I Ly
Rl ; ' f=F+FL
-Fb 0 Tc

" S(+)
Figuse @:(a) spedsua § met) (b) Spedoa) & Difsvclg,?md
” ©) 5P€d?fwm‘f$ produd moduledor Q{dﬁw Y
<(°U Spedousn F downnard tragsleded 39

-F = .P -f--F &BNZQN
0 (@ (. 5
F "'\a\/lkﬂ%, (ener «Freq/uen(,y,

-H"RTOM% a &P

(©) Spedous o Upwoard Tramkided Bignal Vot)
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13k F¥equeacy pivision MUliplexing LFDM>

L> Muliplexing i3 a pocess of Combiming N- fndepend ent—
message (%ﬁ’gnalx inte a Compom}e Aignal Auitable for
dTGﬂ&sts“non oves A Commos) Channg

Ls Munﬁp\ex?mg T accomplighed bxd Seperocting The Afgnalz
Either Frequeay @ e,

—> The Sechnique of sepoxating Fhe Sigils @ Frequency

domain g vepeyyed b 08 °° Freq Ueaty Division Multipkxing .

2 ~ (FDM)

s I

DEMoD!
y P

DE MoD |5/ PF |
DEMoD {1l | pF
ﬁ

caryie
e |

Bp
+—>{BPF
BPF
k—— Recetver
D
arpnls e

A
> y
M
[y
Nl
8‘9 .Z‘_
m o
A =
Fi v -
Q9
o
a e 3 & )
Q 0 o =
A\ A = < v{
‘ S3| £
2 S s & & 3
= St o = % oo
=__ 10 % §
O &
l LL. [_
5 5 '
-1
2z
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The block orfqgmm of  EDM- &ystem 13 Shown Toy £iguxd.

ol Inteming ndependert mess age 2Tgnalk avt modulated by
mutually €xclugive Grrviexg Supplied Feomn Quavier ourcs al-

Coch madulador. TRe Moduladed Figral’ ase  pasged “Hhooughy ke
BPE o Seleyt oy one Aide band. TRevepeat BPFE'S produces 8sB-
&ignalk and are Sepavated ™ Prequenty ond Cembined ink~ a

Compo&ide &igna). and Hris process 18 Qiled Frequenyy Jturtian
mluhpl@x‘mrﬁa

L Mubiplexed ignal it trassniitid ever fre Grmuni e
Channe).

Ly Todal Randiid reqlived T N-SSR Moduloded ﬁ?gﬂa\ﬁz N"’“}wﬂ}
O Guard beme! R

BW-,—‘: NXF,Q S N=numbes =% Topud 57%"“\3

D A e veceiver zide  N- mdependerd messege Aigrd g
Tecovesed hb‘ Pog;fma the Gomnpo&ie 5*%”“' _"HWDU‘QL\ the
BPFE Pollowed by Demoduledoy dnd LPE.

ke 5 e
1. Alowrge Numbey of Aignalk Caan be tracmisa St Haneousy |

2 FOM doez net Tequizes Syatvronigabion behweer) Transmi e &

Teceivey .
3. Demoduledien v FDM is eosy

Dk G\dVam-’fagf;s % FDM 53—

1. Gowuni hion drannd aust have Laa'g,q EameicWh
te, Bz NXfen

2 Large Number o MeduledvR 2 Filtess o< Yequiived.

3. Croess dalk occur ts FEDM
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Theme Example : \/sp Tran&mussien of Analog and Digidel TV -
le14 ¢ Afdas BanaRs ~T ol Saac AL u )

= Vestigio Side band modwakion plays ket(f‘ro\e N Commer—
— cfad televisipeg:
L> The exad detail’ of Modwabion formoed uged 15 —rargm?i—
e Wrdeo Rignad Chavatkriging a TV Ayt age Eluerced
by o fatrors
i) The Video &igna) €xhibily a lavge Band width oed
Signi 4 oung dow Prequency infermalion , whith vequires
M Uge of Vekidia) &ide band tModuldion .
1) The et gt used Pa demoduiabion tfhe Feceiver must ke
Stanple . and Tméxpentive . This Suggeslz the Use % envelope
degion, tohith Yequiresthe addition of a Camier Wave bstha
VSe modttloded mave . |
Figusx . () Zhowk The fo\eql APeUaum of- a Fvernd mided) TV~S?W
T Genirls of the ppor Side band, a5 of the Len gnd fhe

Prduse Qrrier are—rammited . 55-45M3 SATMH
g BUlay
A Pi gruve Sound T PC'C?;’IT?{.ET Cagriey
Copxyi ey Cwies l l
W@SMH% ——19” [ |
il i f
| : I
| | !
I ’ l
|
| [ r
L SA ' -ig‘é ! X = R—H——3 % i >
e~ S8 6o fimpa) 54 S s2 (o (Mhe)
o chanred BW ke Channe] Bl
éMH2 ) 60M-5aM=4MH2
Fig(@? Tdea) Trangmiss i Spedsum FTY®°, Ampl tude
% Tv Agnal °f @ V3B-shapiyg

Fiter ot tiovecetver
" Figuc @& showR e omplidude Tesporse of o \op Rhapg BT ltey

URed o R reiver
* The Channed Bandidih USed For =TV Jgrow‘(%-l—"wj,% Nosth Americ

T2 6MHE s 8hown ™ 439 (a) 2 44 (8-

—sf W
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Principles of Communication System (PCS) SVIT 15EC45

Module-{ :- Amplitude Moduledion
(‘Numerf o problems) Vi TY Q- PapeA

List of formulae -
AN AN AANANN

L. Amplidude Medvlation Todex ® Depth F Modlon

Am= Amplidude & message z?jnaj 7 Vol b5

— A ,"I(Ol')eb’e
M=o Ko™ Ampliiude Sengrﬂv?bbtf?m’mem

® [P= Ka Am s
NoG 2+ The MaxTmuen \eilue of Medulation fodex 15 1

. Wheo , R <1 — Rezgulb T uades Wodulation

. When, p=1 => Reguls P Cofdica Mod Ulatien
s Whea, R>1 = ReRully in oVer Modulatos) .

w‘ aj_’l' d
% AN Have ST

L ingle Hage AN (considesig gl megseqe P

i) = Ag L1+ [ cos (a7fish)] Cos (Z7F )

Ly saulfdone AM Y (corridering muiple megRage Riqralg)

. sz Ac [ 14 [ cos (2ak, #) + Pucos(rf ) Jes )
wheve, - M= Kahmy 5 Pu= Kahm,

3. Neb Medylation Todex I~

NN

F’OU‘ M'U"'H'j'oﬂe MDC*'C)‘@J"JOQ} Nf} Modfu‘ad_im IOJCX M i(%

Mem S 4 i+ + 1
4. Toe, Magimum aod, 20} e amplitdes o S~
¢ A= A (HR) 5 A= A (I7M)

max

[ -

Venkatesha M, JRF and Adjunc‘t Faculty, Department of ECE 3 venkatesha.m@saivi(lxa.ac.in
> Amay & Amig OT€ TeGUlred 13 Akerth Yezuling AM &ignad For
Oay given Moduledion Tndex M -
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S Todad Powler 0 AM- jdave -
AMNMANS AN ANANANAANAA

Ly To =H€rmk of Carrier !:)owearc PC aad ‘]J’

. i
AR (R ) s pe B pe Lo Resislenc
L BB p ohp g
(: L ke PLSB— ﬁ&e)h PC_%{ i
Todal Power & K| i - &
Power de bondg : f—g’a_ F;.s.g,'l' ﬁ:g;' P(_g

R=fRti e =PiR. >R - p-p
> Tn deanig '%_Mnnq RMS cumen(y ¢ ﬁL:IE-R and F%ZIQLK
Nobe == 1hen =) _ -

K2R RO = gperse

3 H‘:]
% The Max- Frangmided pPones 74 -5 4imes Qavries Poler

SRRl deocyin it
-YL: PL?’B'f foco =3 NL
Fr &t p- .
NodZ I Max- 244 tenty 9 AM ia Y ce H / = L - o.3333
Ik

max ZTME[ T 2T ==

1. et :
TRTIOEDIS00 Baod widfy o Ans-

BNT: 2 =1 -¥

Lsp Lse

N1 - ; bor
ere L] = MaximUan (’ﬁm, X ’fmn> 5 Multitone An,
IWN=t, , For Single tone A
Tisg = Frequenwy of upper side Band = ot

fleg = Frequeny of Laver side Rand = o —+m
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AAANANNN

8. Produc}&%ﬁ&r;’ { DSBSC- Generator >

L> produd Modulador
Me gRage
Signal G i fetdo produces o eutpud
g Tﬂ —Fzreqv'uenUe/g:P
Garp’ex <|,) .FC.Hlm: s
Sigmal (D FoFry = F1s
cl-_ Band pPass £y 1~ 14 12 uged & gelew we%é
'.Fcif?m T f' gmoﬁ
e = 5IppF > T tf %-Cen}e&frecz,ueogf Y BeF isf +3€m>
PR e S A
BpF F—> S n%_ J ﬁ?req;uemcgd% BPF (&
L
e feplttyde R, meledond ey s s e
" SR dermylos -

Ly cosA. cosp = + { SCA-B) + (o3 (A+8)],

L cos (n%f)—i—* L8 (F-%)+ S(H't]

Ly Ag ). Cos (ar}4) o> Ac [M3-F,) + M(Hzﬂ

Wheve,» §(§-}. )= {1 O“lkf@d %Jﬁc £ TapuBe ASignal @
s {i oy ke e Junche

0 tew
a
" M(}) 18 Bpecruey - M) -
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1. congider g meE&age Xigna) mit)= &0CoS (A7 E) Wbily and Q
Carviey Eiqned c¢c4) = 50 Cos (Ibo TE) Vol

) Fod and &kerch e Tegulfng AM wave for 15%
modulahos . (VTU-&-p)
(1) Skerth the &pedtrunn o t1ig AM Wave .

(i) Fiad the Power diggipated acvoss aload of lopo .
Ly &tves dal - M) = Q0 (oS (2A+) " AR Q02 f&—rﬁ:’_@ HZ
cd) = 50 ©S(oord) o A=50 ° f =50z
(0 Resultiog AM wave for 5% Vodulation i-(ie., fa p=0-15)
W-K-T for Ahngle Tone AM,
Sy = AL I+ Hcosprfit)] Cos (2nfh)

The Re&ultivg AM Wave for P=0-T53 AC25OV;Fm:|'w
fcz 50 TR e

SH) = So LI+ 05 ¢coes ().7(&9 Cos (looxt)

. wm@%)?. Ama:x Ae (14 )= 50 (140-15)= 8 T-5V

. A = AG-p)= 50(1-0:35)= 15V
sS&) RO

Figust 42 Sketch § Resulbing A H=D-%5°
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(i) Spedwum & AM ave -
ANANNNAT ALV e
KK T Fhe Tesuling AM Wove g .
S(H)= Ac [ 1+ Mos (2afmt)] s (27fcH)

g4y = 50 [ 14015 (o5 (27 (1)1)] (03 (27 (S6)t)

»% SH)= 5003 QA (56)F 4 37-5.co8 R (5 < Cos 2R (1)
’?“K’T (oS A- CoSg = .%__ (COS(A"I&)-\- Cos (A‘H?:))

S(+) = B0 Cosan (50)E + E’;I:CO&&UY (50-\) F 4 oS @n (50+1)1_—]

S(q‘? = 50CoSan(s0)f + 1875 oS an (49)k + 1815 cosaA (VA

ik Kﬁ? Fouriey Tramkfurn Q EquUadion O we %'—@%

S(y)= 50 :;o B (3=50)+ 8 (%+§o:)+|815[g(% 4q)+5(%+4ﬂ
+ L [S(h+5D)+8 (3- bo]

.2 S(})= as [gc 3-50)+ 8§ (3450 )4 315 [ 8 (3-49)+8 (3+49)
+ 9315 TS (345 1)+ S (3-5D)

85 A S(Y)
e . i gl 5 Fgd :-
q.%jg. o j‘f’—'g _ 0 g _‘T—Z’IS },3%&' Af&:}
—5] -50 -49 42 o :}?ﬁ‘iﬂ,lmtj
(iiy) Powes di&STPm'Qa) W,@JL - ¥) Rz
WkT P p(+H") L) S
E C( + > F o?Q 2 X100 1RSI

=185 ( 1+®,§ )= 16016 W
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ol A carrier Wave 4 Sin (277 xSvox |02E) Vol 8 Qmplitude

nnoduated buot a0 audio wave [0:@STna(aaxseor)+ 04157
"5(27T><500&j Vol . Determine The “UPPes and |ower side bands
0od Skelch dhe Complels Bpethue of The  rmodulaled —wave .
E&timaly the fobo) power (n Hy Ride hand. (VTuep)

L> Grven: C@E)= 4 sin (zwxsooxlo%—) -
o A= AV 2 F = 500%6°=500kHz .
The MeRsage Zignal (Audio Wave),
ME) = 0. 810 QA xI500%xE +0:| Sio @A xQ500 b
Amf 0:2 2 3 =Is500=|-5khz

1
An=0e1 2 F =9500= &5 kHZ
2
- Am1 _ 0.3 A
}’(‘ — T = == 0.0 ° :__'pe'l:_’g';\_._. S
Acs 4 008 20000 JQ T P Rgpe 1035

Net Moduladien Tadex - Py= \“J,L-%-Hf' = \ro-osj'-i-ouoggq- = 0:056
B aod Jouer Edebands, (Use ad Lee)i-

> Lbsg)= f<+ @m': P00kHZ +1-S kKHZ =501:5 kHz
LS8y = §.- §, = Swkiz—bSkNZ= 492 5KNZ .

h> LSk, = 'EC-\— &”M)__: SO0 kHz ~Q.5KkHz = S0Q-5kHz

LsB2 = i~ b, = S00KHZ ~9-5 kN = 4995 Kz

RSt Gomplefs Epedum 4 e moduladed wave -
“Amplidud ex &b Uppey &de band and  Lower &ide band 50
“Freq uenyy &pedrue 1& M_j}_c & thar # Gwrler fz

‘A’

2
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.-'> A-VV\/PL\':}UG)? “} @477167 %‘Y‘ﬁﬂfuea‘vy % %: ﬂ'_:é\/.
2

> Avplitudes & Usg) and LSB, iz HiAc _

==

(W Amplidudes & LSBy £ LsB, 18 - H,Ac -

PG R Sl i

As( ¥)
Cayyiey Casmicy
A4V - - T - |5 — = — = = FAv
sy ot Jeos e | e
;’oftg,’r ) T ) ‘]\ - LSE;,_ a1 —GL-O‘O—&S-— i LS)T(L UsSe .
= —t= .1 ~ K608S
& T T veq,uen
—5QS 50K §  4%S 4935 A€ 4985 %00 H0IG sms/ 1 t) K
—500 in KHZ

+ T POWES [ Zide l::ancLEi—

B T B

v

W= VB = 0.056

2
Ra= BAROREE (o pm i 4
l [ QR 9p T p Wik
v
%:ix&m%

]; O Oloﬂ Wodiy, 2 "k)hewe R= load wesistance

g =0-018S No\H*sl &
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{3 An AM wave hax the Form,

Se)= Qo [ I+ 1S cos 20007k + [-5 (0540007 & ] (o5 400007k
Dddermine |
(1) Net mModuladion Index

() e Carrier powey and Kide band power

() SCR) aod Draw Tix Prequenuy &pedaum

(?\Q Toda) POWRY de\?wved B aload o J00SL.
L Given AM Wave <

Stt)= Qo [ 14 15 (vs gevog b -5 4UUD?H::) CoS 4oe00kt

General £ Uodion & mulfitone AM €9 Uution —O
Fr o melRage Aignalk 8

Sty = e [ 1+ P s any 4 + Hacos ar g4 ) cosang -

- B Comparivg equehions O & @ ‘Wwe God— —9

Ac=80v ° =15 =, 2 é); IkHzl%M:ézksz %c:ézoknz-
and Lood ?ﬂeS;Sermce R= o085 ad

™ N&Modulmﬂveﬂ Trdlen -
W ) B
M= \/Uf"l'uz_' =J 5 4 l.s®

= &1
T (Nok"

. SH)ig o
@) Conmter pomer & side bard powgers " eclaki)

AANANAA N\,\,\M/\P/\, 7 KU

2
Ly Caryier powey PC: A &o 9 e .
Qa
QR &xlm)
L gide band power; £.=P M

=3
fog = X1 4 aq44 Wt
hhere, Rp= Tola) power iy oy 2 ide ot
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Principles of Communication System (PCS) SVIT ' 1SEC45

i) S >
D 200 ged, Preyuen cpediun:
Yrom GFivea doda
SH= 4o [l+ [+< oS QO00TE (5 (DS 4wv7r+:) (OS 40,000+
ie. StE)= 0L+ 1S cos (2% x lpooxt )-+1-5 Cos @x&mﬁﬂfns 2 AX o000t
RS & ? 1

Ac =Y T M ¥ be
":Alu &Xlg_é‘» Wxio*

CSH) = Q0 S QR XxROXICE 4+ 30 (oS REXLOXIE . (pSaAxIXIPL

— %
+ 30 (0S QA X20XITE + (05 Qx axlcP k-

S
WK-T  (0SA.(0SR *Jl"cos (A1) + 0% (A48) ]

- Sth) = 80008 9axgoxiPk + 30 30 [cos 27 % (2o0-1)x10F T C0ST x 2041
+ 30 [ cos amlo- a)xuo‘% + Cos 28 (20+)X10*E ]

SH) = Qo co_S QR X q0X [0k +15 @DgQ,\x ayies & +Los&ﬁx&\xlugk]
+15 [ o8 @ x12XI10° & + S QA X QX0 |

TakKe Fourier Tramtformarien F £yUabion® —0
SG) = 2 [§ G-a00)TE(+800)+ 18 [ S (3r16) + 8- m@;
115 [§(3-a1K) 6 (3+21k)] TIS S (F+rgk) + £3-18Y)
= = 7

+|§’ [8(3-22x)+8 (%‘r&;}k)j

- S(3) = 1008 (3-aok)+ & (3+20K)) F 1S [§ (3H1ak) + § (kK|

+ S(F-2K) + s(Fraik) +8 (%Q&K)"—gﬂs"'&&\()j
+ 8§ (3+12K) +8 (3-12k))

2

—

EqUslion ® %ives & E9Uation c%, SCH) with — @
Te= QKHZ) = Figp = 1AKHE Fice, = 12KHE | Amplitude
Awp liude oV Fuse) = RIKHE %USBD_—&& KHE ([ 15V

SR
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@ An AM-B100dCasting s vimer vadiaies Soki ef
caryrey pores: What nill be The Yadiatad power ap—

85% Moduladion ?

L> §iven C‘Oll?l . Cavriey powes, Pc: RQOKIN ° H:O-@S

a 5 2 2
g ToxolAmEJfowezr) ]Dt: p. [H_:z}ij: Soxi? [I'P Djibj
[ ﬁr = 68.0695 KK
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¢S(%>
(avyres Caimer
_<10 ______ = BT 10
1 Lsey Lgmj? usgy USBL
3 . 2 o . E N 5 ¢
T e SR AR S O
Uediiey
=R "R 0 -9 -1? 18 19 0 0 3 gl
-2 C 2 & pednu = (Plod 0 g(
OB BTNT § ) (Pt 23)
¥ Tedal pover delivered foa toed 4 loon:-
%Ji: 9 Method 2 o-
MK T, P%: Pc [I-j— H’E] Sine we already
2 Cal ctt | 29 PC & Toled
e 2 Mr=a.19 &ide bandg powes 5
= @ [ auat) | TR e e
2
fi = 64944 Watig P = Q4+ 44944
Pe= 64944 |HNath
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(5> An Qudio Jrequenwy Aigna) 10 Sinax (sop)& 75 uzed B
ounplifude modulede o Carrier of %0 san (lo°) -
Assume modulabion Padex = 0. . Dederrmfne .

f) s&c)e [oomJ fzreq/ug,ncjeg
i) Amplitude of each pide band .
1i) Band widlh TegUired .
iv) Efkiteawy % 4M Nove
> Giwen 2 M$)= |0 ST 2 (50D) b— = A =lov = %M“-ﬁw HZ

5 %M:OoBKHiL'
C(+)=30Sindn (/0°)} = Acz50v e % =16? Ry
C

Gnd R =02 (Fiwen) #:IOOKH%
?) & Na - Aot o :
) &ide band Frequendes;

: 'g‘usg): %d' %‘m: lbok+ 05k = [00-5 KHZ -
g - - — 05k = 99-SKHZ -
/E_L% - Jﬁc* L1 % 100 K .

1) Ampli tude QE«%XH& band = Hé-cz 0- &;Z‘ 2 =5V

fii) Band wids vequived gy - 2p =Q(05kHz)

E%Tum
7V>EHﬁ(/§U/\(g M Mowve ‘-
AN %’ﬁ'\/\&\f ) 0.&2_. X,D,O
% b X160 = —
% VL 2+ g+ pea™

K =196
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QVTUY 46> An Amplitude modueaded Zigne) T8 g ven b‘j/

SH)=[l0 oS anxipf i + BosaAX IFL. (oS aﬂxnogi-—f&cosaﬂmo"k .

CoS4n XIOS%] . Dejexmine
") Net Mod ulaBes) Tndex

i) Side band powes
M) Total modul«-lecJ P@wex . Agsume R= 1oolL
Given  Avm Kignal B
S () = [loCosamxif £ 45 cosanxiCs. cos A7 XIS & 4+ 03 AT Xl -+ (0S AT ot )

SH= 1o CoSQWx;DG-&LI - _?6 coS&KXIG%t' —l—% CDS4T7<|03%]

= 10 [ [+ 0°5 (052 X103 Y402 wsmxusgﬁ Cos ,g;fxloer
The Atandard A eguadion fer two mMessage 2ignaks s
st = de [ 14 osar g+, cos ax T, 7] os ax bt

—_—

ono AC:|OV < | :-_005 2 H:OO& 2 — l 3—» =
— — 9 — — IX\0 = lkH% e > 6
» % %2 10 ha

W\| 2

hog 2x16 = w00 | s imokn

LDNet | ' ; [ S
Rt py= it = Vo 0 = 053¢

0 bt o = Rt Rt e

B2
QR axlod 4

- Bg= 005 x ou';;&l; 00+ W

> Toto) wodubded )
-~ power . ﬁ-_’-PCL|+}_3§LJ:¢)¢+%B';0'5}&W'

2
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12 An AM gigna) has the form,

<
(f;g:q,f S(4) = Cos(R0007E) 44 (oS (R400HY -+ cog (2800AE).
Dedevmpne the Tatio o power fn mezzage Aigna L5 That
0’.}, power O Unmoduleded Gurrier Aigna)
Ly Gtven AM-eavabion i<
S(4) = Co< (200078 ) + 4 (08 (400A L) + Cos (2 goort)

- S = (os (&xxu%ooxt)—)— 4 (o8 (&le%oo&)-}-c,os(a?\’xmwt)

| 3ise ) Iy o
I hag S*Comfomnfg, CarTiey Z1gvrd , Lower zficle band CLQE}USB

oo Upper ide band CUSE) |
v The —Arplidude i%_ Gviier, A, =4V,

—Aeplidude

2— LSB 2 uer a HAc_ 4 2
o = M

‘A"”\Ph‘hk'le %M&Sﬁe £ gral, A = AKX = 4 XY = gy ('f}.l': b)
ol Ac

3

The Ratio % power f4 ls;jessaga &E1gne -2#}2— 4__%;’31; sigred
& Bray T Goaser power = A o
_C 4__ Pob\)ev J
(G‘ZR Grrier Zigred
%l_ - Ao Amy \=
€ 4y A _(75)
[N 2
Froy
— = 0:&
Ird 3

FNokel.To General Jor Any AM Kigna) the Rabio of Powe'i(
preged T MesSoge Ragne) kb 1Hag £ Q¥Tier Zgnd 18 equal B M
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8> Congider a @-&duge SSB-Moduladoy 0% ghown {—i’guzt-i.
e fopPud (‘iu’c(,r)q) on&igly of a Veice Kignad oy Q %—Teq,Uen?

Yange ¢} 3oohz 5 3-4khz. The two  pRrCilladosg Frequencies
have valuesg jq:_- IODKHZ and ’fz: IoMHzZ . Oefermine

® Sideband? ef DsBSc modulajed wave g ogppearfn} ot
She outpulz g Ihe Produtt moduladors .

(i) sidebands g sse modulaed Wave a.pptaY}xs;,at—
o BPF's. owtpud-.

(i) paggband and Guard band sfHwo BPFS.
(V) Skedch e Spdrunn of eath 3toge o the -

M(4) Vitd) | —
PV ) 9’BPFI PMa. \BPFQ{ =

Tfh 03 awqu A &cosanfclt

Pt o Bage Scp Metubtor

‘__ G’IOV °o__
> PVeN - Frequenty of mi4) : ’Pm: 30002 ks 2.4 KHz

fn = 0°3KHZ &5 3-4 KNz

Frequeny “}‘ (ayviev] -FC — 1DOKHZ
1

Used for PM1
frequenyy o Covrier 2 * *ch_l’ loMHZz
wed for PMQ
) Thre pM1 outpul V() (orki8E. of “hoo Zide bands ag
followg ;| sp = Je, =3, = 100K Hz — (0-3khz & 3-4kn2)

Lsg= 99.TkH2 & 96-6 KHE]
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ond, yse= §¢'+ <
Vs = |0okHz + (0-3kHZ to 3:4kHz)
l00:3kHZ & 03.4 KHZ

UsR =

(pass)

”> oﬁeﬁ.— %,\L,%\EF' © Aggume fRak RPRI ix c\e,ﬁgned & allow
Only USE. Then, BPFd owput Si(3) Trequeny

K .
S| = 100-2knz tv |D3*¢KHﬂ

1 .
> Pass Band 4 BPF)= 100-2KH2 &5 103.4KHZ . Bhowe
Guard Band § BPFy = 99FkHz k5 (002 kHZ J Spedaym,
<& Spetum e-_f; mit)
0-3 24Kz — Frequeny in khz
i(3) A
&= SRethum % vy(4)
at owdpud” 0 pmy
e Cre 003 1dng > Tr€YUenty i KHZ
' " Guard W
. " Ba . Rang |
S((%),ﬂ\ , ' | !
; ' &= &pehum % S\(H)
: aoutpul of BpRy
; e Pres > Frequenwy = kHz
R

- R .
* SRR A 2ach glage -
venkatesha.m@saividya.ac.in
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4 STwilatly, The PME  owrpuk Cm:fz\f ot io ‘Ride bands G’

'g°“°"°3- (1B tpar I8 S)(1) 08 mezsoge Bigna) Wit 4fregueny
Fon= Fugp= 100:2kHZ 5 103-LkHz & Caynier frequeny

fe, = 1oMHz ) M) Prequensy Rarge Jor PM2 -

() LsB= -‘FC,_. -Fm

-

= 1oMHz — (100-2KHZ S5 103- 4 KHz)
Lsg = G.299T7 MHz M5 9. 8964 MHZ

and

vsg = 4o, + fi,
|0MH2 + (100-3kHZ G I03-4kHZ)

—
—

wep = 10.1003MHZ2 K& 10:-1034 MHZ

ii) oudpud 0} BPF& Assume fhat BPFa I«S&e,gf ned to
aljow  only LSB. Then BPFg owp Sytt)

(Pag)
Freqgurnwy 3.
Sgt) = 10-loo3MHZ & [0+ Jo3EMHZ|:
W) pass band of BPF, = (D+ 1003 MHZ & [o- o2y MH2
G’”ﬂi‘i’v%ﬂiﬂ & BPF = 9.29aFMHZ 5 1D. 1003 MHEZ -
. S| (3
tv) Bpetwm; A ) égp(’d'n,lma}_sl({)
/\ ot the Oudpud -
EpPF)
196. 3KAZ 103+4 K HZ > frequeny
/\Vz(%) ’
Spedsu
é VQH') &*‘mﬁ
OurPut 9 PMy
. 8966 M2 ‘TMH: Mlggg 0. goz_q > Preqaenyy
&(%-)A :‘ @g:l“j ‘ Band———h
[ 1 n | em’m
, { e tt)-@ et
| | % D""’PM"}BPEQ
_ _} venkalcbhaquqlv:dm a%emm%— i
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D A QS0 carvier of |000KkHE IS $?mul+emeou8i2¢ rmodulated
by Sfousoidad gignalz of QKHZ, 6KkHE and 8kHz Nl medulebir
lndices of 35% ,557. aod IS% Tegpedively. What oe fhe
Frequencies pregent T the moduleded Wave 0o Whet 2
jﬁe Too)i rded powes- _:laneb-u]\_, 206
> gfyen Dwai- P =gspp) = f.= 1006 kHz BMasky

Frag= @KHZ & £, = GKHZ 2 #ms—_— gKHZ

Wy =035 2 |, =055 - Mz=0-35

) Frequences predent i) e Faduloged Wave i~
Ly Caswier £, = lopo KHZ
Ly LBl = -Pc—f-m]: lobok — 9k =998 KHZ
Ly wse) = & + fisy, = lovok +ak = |002KRZ
L Lsey = £ = By, = loook—6k =994 kp2
L LSBy = Fe + Fn, = 1000k+46k = 1006 kia
=5 Lsey = fo - ﬁms_ [boo k- gk = 999kHy
L LsBs = Pyt Fng = Io0ok+8k = [P0 KHy

() Rolioded pones -

WK T Po= P(l+”i )
s oA

Py = N 4 pE M =\035" 4 0.55™ 4 oras™

My= 0-993%

. " Rodlioded power, P = Q0 (H_ D‘qqs?}i_.)
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10> The Intoming. Signal hax o midband Frequeny) thed™ mMay
Jie i the vange 530kHZ &5 1650KRZ . The ogsociated
bond Width 73 10kHz. This &ignal 73 & be drarslesed 1
o fixed drequenty band Grikered o 470KH2. Deserming
Are Fueing Tange Hied must be provided by e lote) 0ARGH )|aduwr.

’C‘!‘Jé?f‘ : —FCZ S20KHZ 2o |650KHZ 2 BIWN= JoKHZ

fo= 4TokHz 2 F =7 . Tt 1A dowe frequeny Tansld
Pxer

Ihfiw Mixer ——> Fo= Fo—F = 4ToKHZ
Signa
[#
Locad
: 0Sctl|edoy
From Given dodel Trangiaor owrpwt £, = 4TokHZ = f- B,

( mixey)

“ Lol ogct)edur -f-rfq/u:em%t, £ 18 Given bﬁ;

Nhen, ﬁc;‘ 530KRZ ° ‘FL: 530K— 4ToK = 60 KHZE
Fo= 1650kHz > £ =1650K—4Tok = l|gokHZ

0o 'T’unm? Tange o) Lok 0&CT l|aduw Freguenty '&L I8
60RHZ I WLOKHEZ .

IS Defermine Ire Bandwidfh g Fpm-Auysiem which tses
SsBmodulabion o Phedrarimiter for &4 Voice &ignalk
having o Bandwidth o 4KHE €nch.

Ly  Given N=Q4 ,Voice &igrals  Wils s3B Moduledion .
W= By =4 KHZ
. Tose) Boand Width o FDM &qstem 15
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