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Hmlog, Communicalion ggs'rem Clt)= Achs( cm-))
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1’
wl: +0
Ampli}uo%e Modl. & magrinde prportional Ana.h.Moo\ -%7 phese.
J_ with mssaag s;am\ -
Nomal Am  OSB-SC. SSB-Sc Freq. Mec) phase mod.
Dse-Fc" — ( FM) (pm)
usB-s<  LSB-C
A/Ol’ﬁ:
w-%@!ﬂ ak AM = we- {%Gz&) = 2T
€ ) ¢ ;fc P~
Buk Lr Fm .

il =fe + Rem®) 3 Ke: ﬁequmoa_wsi\-ivi\'a [ He/vait)
=00u) = Qiln- )‘w;ma‘c
J‘ Czmfilt) oT) = f 2nfe + KEm(D)dT
= 2MALE+ 2k }‘m('r) ot
Note: Y -Fc= Kpmip)
ok = Filh)-Fe = Kemit)= freq oliakion
iF mi = Amcos(2Tmt)

DFmax = KpAm 3 max. f-‘vnq cleviation
peak freq.
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Semit)=AcCos (2Tht+ erk[lj\m(.‘l')d’t)
if we assume miB) =AmCos (2TFmk)
Sen l#) = AcCos( 2T b + ZWK€7Am&S( 2D )
= AcCas(ZUfc+ 2TTKE o A SinC Zfmt))

= Ac Cos(2Thk + A%mms Sin( ?,TTPmH) let B= menx 2 Moolwlofion
m nolex
= Ac cos(2Thet + R SinCaThmt))
= Ac Cos(2Tfet) eos( Mm £)) —Ac Sin(aT fek) Sin (Bsinlzmhmt )
R SinCzmint) Sinfo)=o Ak
iF pect very Soall T navwow band) lpaizonh = Db <t gin (T3
1= Cos(o) o (Ul aso )

=2Smlt)= AcCos(2Tfet) —Acsin(2TTht) - B Sin (21ifnt)

Remember: Cos(x+B) = Coskd) cos(B) ~ Sinlx)Sin(B)
Cos( ¢-R)=cos(e) cos(R) + Sink) Sin(R)
= Sinl)SIN(B) = _I,:c,os('oé—B)—_lz Cos(x+R)

S enlt) = AccosCTihet) - Ak [cps(zw(l‘c- Fm)t) - Cos RT( e+ fim) @
= Ac cos(zmict) -AcB CosC2Tr(fefin) t) + BB cos(2TT (Fetfm)t)
g,mzm\oer : SAM® = Ac (1+Kam@®)cos(2fer) 5 mit)= Am cos (2Thmt)

= Ac(I+Meos(2Trhnt)) cos(2TiAck)
= Ac Cos( 2T k) + A cos( 2T (fe+fmt) +Ac M cos(am(febnl)
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%- Aclz
T]T‘T]?“f‘ T]T‘T]T”‘?
o B Rl [’ R

26m 8w-= 26

But B>1 [wide band ]

/.
Srmle)= Accos( 2mhet + 2Mke [m(T)IT)  Since MG =AmCos(2TFmt)

= Spn) =Accas (2wt + BSin(2T Ant)) Pl sl with fygl, poriod Tr
' ' Y2 fet
e fheltembr Bsncaw ) . o € s
. A . . d
- ReSAedTE S et i peted
N=cA
T . Tms= azt_
Xoo L f x(6) &7y, o | T I8SZMnt) GITRE "
—7;"0

= JnR) &= Ressel funckion
In(X) = (-1 Fnx) Jas1 = x
b
Fnl = (YT (-x) Por Small vadues of Xn, Jn=_X"_

2"n)

A
i (Jn(X))z =1 2 :Qr all x
=4
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. A

SF/,C‘{') = Re S Ace’ ZTrﬁd:.nZ_‘Xnejﬁ"G"l_B
_ Qez Ac _gj;‘ (B)efzﬂ'/'d' e‘:)zﬂ'npmt}
A%___i}n (8) CosC21r (feinbm)t)

lQemember . S emlt)=Ac Cos(2Tlck+ Bsin (21T!-’mt))
1

’I'Jf-alw;g,powzr.- Poua_: ACz_f 3))2 =_.B-2£.
2

but Pc =J%£ 7.(8)
To evoluate the Bw:
Semttr=_fe $ Tata) [SC2-Lhe-nem)+8 (P (hetnfin)))

Ac )o(B) Ac. Jo(B)

gsJ_s»T A< 3(8

L T T 111127 T 1
-k |Fc—nl-‘m Rem F&  Petbm  fetnFy

: BW= 2nfm :

To evaluate Power

o0
Semlt) = Ac E T (R) Cos( 2 (Fesnfm)t)
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Pror = (AT’ + (ASTB)', (AT’ (ACTAR', (AcTRD'

= A [3‘.‘(3) +2(8)+ 2Fa (®)+. .. + 2Jn(8) ]
099

Sem®) = Ae S Tn(B)eos(2m (fesnfmit)

n<ca

Tokal power 3‘,3 = A?ff g A?'_S [J;ZKBH' 23, (0 zj:(BH ,.+23=(m_) =~0.99

Pc=A£_}‘m RW= 2nfmn

Ex: Fnd the 927 powerbandwith atan FM ymooulated Siam\ when B=I
omd Bco.z at

ak B=1 ()= (oTesD)
J\z (N = (o-yuo)?

SO A O | T [111] T I

’Pc-me'Pc-?m‘Pc —F(_fF,,. 'Pcf?.Fm Pc—me pc-?m iy Fchm pcf?.Fm
59 P

Buw=2.2Pm=YFm
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f-'mc\ . Mod
Clt) = Accos(2Tfet+0)
1 )
Amp Ar\%le

Semlb) = Accrs(2trfet+ 2KE j‘mt't)dc) it M) = AmCos (2TTPmY)

Seml4) = Accos (amhet+ Bsin(2mhnt)); P: modutakion index B = bjﬁ:\u ;Fmax : peak

Kg: ,Przq . Sensil'ivil'a_ Fre. chwiakion
if p<c very small Cnorvow band Fn)
(NBFM)
Saml =Acces (2fet) -AcR Sin(2TPm & )S in (2nfet)
= AcCes( ) - Crt(Pe-Pr)) —cos( 21t (Fetfm)t
cCos(2Tfet Acé[cos( W(fe-bnk) —cos( 2m(Ferfm) U e
Bw = 2fmax I ' I Ach
. o
it B> (wideband FM (wBF'M)] |&’a",ﬂ,°,*p'”
o8 Bw=20m
Sl = Ac LTn(8) ces(zm (Reanblk)
“ To Evaluate BL)
A 3(8) A2 Tol8) @ Bereral = 992 Powerbandwith

T ésjg;)T AcT(B) S <[ 2 2
I =3 —1 = e ot l““?"A{‘[ Jg6)+le(s)+..]

| ,,eol: B =02
8W= 2nfm Rl 7)) Ji®) Ja8 Q. Power Banolwith
J:(on_) = (099)* j oaq
02099 0.0%5 2J,"Ge2) = (o.0%8)*
88-20Fm
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NOI‘Q :

Tm

3"(85 i %fejksin(znhk)é‘;znﬂmt n
@ Carsons Rule (987 Ruwer banduith)

Bw = 2fm(8+) = 2(DFmax +Fm)
=2BW(B+) =2 (bfmax + meessaae)
messcge
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Generakion Fm
ON) arrowbanol FM

b
Sralt) = Ac s Tk +2rkp[m(t)0T)

iF mUb) = Amcos( 2TPmb)

Seult) = Accos (zmfet) - AcRsinl 2ThE) Sin(2mhek)

MBFM
S FA:(.\:\

wmlt) o kFTwcr) a7
Q

To 3mero.ke WBFM

@ Tn irect method

A

T
in(27fet)  Accoslatiek)

—

G

| VAFM S = Accos(2tfet + trkpj'ml.'ﬂdﬂ

DRFM

if m&) = Amcos ( 2whmt)

Seat) = AccosC zmrlet +Bain(znfmt)

C

)YL

«— freq MulHiplier

B.P.F.

Conber ok nfe

rit) A (L + LeosCaraR) E) +285inC 2 nt)

J, Yy = Ac cos( )
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J‘Cu—)=’ _’ = l
2mJlLl)cH 2T STt 02) (Comkmld)
—z‘ ] M= _ 1 . |
Lo v 2T la)Co f.(;-__ ko ]
Gl Gl -Fe ( l-—_ka{ﬂ) o JS&LH<<
- afe (141 .Kmlﬂ)
Co
aFhes k. k_mu) -‘-"'Fc-l-k;‘mﬂ-)
Demadulakion FM 2C

k
Semlt) =AcCosQQmrlet + 2wk / m(x) d.‘l.')
o) °
=

t
= Ac( 2Tfe+2mRem(t ) Sn (21t 2kt mLt)d’C>

Envelope. dekector

AcCatrfe+ 2Themb))

-[ Ac 2ZTRP mLe)
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is applied +o
o o-w

Ex1: Consider the message signal glo) = Zb 04 k<2

an FM medwlakor with sensc\'m\‘a R = 2Halvelt to produce an FM signal

Slt). The unmodulated corvier js loote 3t
@ Find ond. plot bhe instantoncous .\Q‘equencz_ SLt) versus time - ' i»
2

@ Find the peak frequency dlwiakion oft ste)
©$“33°s" a. mathod via which g.tt) Can be recovered From st®)

@FMJ the time-olomain explession for Sl for alk E.

O LD = Fe + Kemlt) = 100+ 2l

Fity)
G Al =Pet kemb) T 5
P - e = Kem) T
bp =l<l2m!k) i,.

= |N‘-ml,\'\\ = L(
may

@ S| a0y | rld s[eeope 0,
[ olekeckor

t
Seult) = Acces (2Tfct + 2T k&)fmw dr)

i) = Ac (21fc + 2Tkpmis) Sin( 2wt +2mkp) )‘mma v
VW) =Ac (2wl + 2Mpmin))
gm Ac 2T kg mle)

@ Semlt) = Aceos Catrfet + 2Ky /' m(1)dT)
Ac cos (zttfect + 2k j‘3 (x)dt)
Acces(amfet)
Accos (et + TkALE?) . ogb <2

AcGos( 2mde b+ 21!(}“‘ +j‘ ] E>2
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Ex: The audio Signal mit) = Amcos (2M(oo)4) prequencg. modulakes tha Carrier

Clt) = ces( 2M(1000)t) when Am=18, Sl) Shows o peax pre.queﬂc”. oaiakion
of 320 He.

@ Find the M modulakion index

@ Use Corsen’s rule to estimate bha bandwith of Stt)
@ write the modulated) Signel in time domain, . '
@ Find Ke

© IFAm dhanges ko 32 find l:hu\ewprequencZ modulakion indlex.

® B=D_¢Emg.x=léeﬂm

=320 - 3.2
(00

@ Bw = 2Pm( R +1) = 2Ci00X 3.2 +1)
A Sem lt) = Accos( 2mrhek+ Raine 'Lﬂfmb))

k = = 3;2 &lm by ;32
9 * % 1.8 =y
6] Awa:kPAmmu=3r?§..3.2 B- Sbng

new

Fm
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Ex: Consider the FM «Signd SL¥) = joces (2m(iooo)t + I 6.Sin( W(looN:)J T FM
modulakor Sens'ﬁ-wil-y KE = Jot=[uolt The mockulated Signal S®)is passed +hrou3i\
onideal bandlpass &ilter with bondwiolth Soo Bz cemtered ak bhe cafrier
Pre.quem Je=loooce Hz b Procuce Hw.s'nam,\ gm.

@Bind e instontaneous freq. of sty

@ Cnd Ure essage mix)

@ Cind the peak freq. oiakion of St

@ Frd thafilter oukput gi)

© Find Y. Praction of ha. power contowned in L) fo bhat in Sto.

i z. u -3 k )
@ fitw :ﬁLoL%lE(ﬂ [+ Kemie

= f-r’r' [ 211 (10000) +1.6 (2T (t00) Cos( 2TT(|oo)l:B

@ Sild) =Pc + kemld)
A'U')-pc = k(!m(.t')

(1.)00) cos(2T(1000) = KE mlb)
k[.‘ ke
@ Ofmax = BFm = (16) (100)

@ Since B3> [ wioebard)
Semlt) = A,cng Jn(8) cos(2m(FesnPait)
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Freq. Modl .
; elb) = Accos(2ifet+6)

Anglbl‘bdul.aﬁon
phase. Mod. )
In Freq Mod.
Fity Je+kemlt)
fito) L = OF = Kemet)
APmax = | kpmt) max
‘;1:'((-) =TZLI-T &%me =}‘c+ kemlt)
: TP mlp) = Ameos (2Tifmt)
Qclt) = 2Tfe b + 2Tkefm(T)dT Semlt) = Accos (21t +Bsin(zint) )
° hoce B = L = ki

Spult) =@c @s(2mhk+ 2TKe [mitlolx )
o

Tn M ™ Bk
S-= kﬂm(ﬂ :
= Semlt) = Accos Cotifek + Kem L4+) jlk I
Q)
fith=_L doue - L (amfe «kedme))
2T HE 2m ot ul)
y i —> Slopq'T
fiv - Jos -z% &aﬂ“'_l*) —M 4@

Ohvas= | - cyga)

To Evalmake B\A\, we an use Corsons Rule:
Bw- sz(e+))

Bwndw:dth of message Sig na.

STUDENTS-HUB.com


https://students-hub.com

Ex: Corsider the Pollowmg, av\a.te. modulaked 8|3m|
Q)

-
St = locos( 2ma st +28in(2meio't) + qsm(qrmo"e))

T
.70c = Ix10° £= |okHz2 Gz = 20KH2
@ Gwoluake bh Bandwidth (FMM& PM) , us\‘n} Gorson's Rue.:

=<8 o
80280 (B+1) = 2max (B4 = 2 (Ofmaxt bwar)

Qemembe)r-.
Filo)= 7’r‘r d%é_fl = ElTr (2«&:0%11)('7_TH 10)eos (2T#10*L) + (4)( 27w %10 Gosliams 10°))

= ’gg: +2810'cos (2meio’t) + 810 bos( Ume10Y)

mit) A_____

f‘c ) \
;EL'L;)-& = 210" QoS(/ZIHlo/“(;)T BWW) A T

Dﬁmax = /ooRHz

Bwmir)

= gWz 2 (DPmax+ Pm,éx
= 2(100+20)KHz

® Ewluake mit) < ’;‘A

In FM.:
QaQcly)
Semit) = AcCos ( 2mfct+2rm K ;mlT)dZ') IOCOSCZFTmok-c-zam('L‘MIo [—)
To Bucluake mt) in £M '(Sm(WTXIOYf:))

O L) = L dg)tl-z = Kemi)+ [
= _2.11_T (efet 21 Kpm(»))
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2 4 « LU
DAl = 2’y wiferocos Ao )+ 176" cos(uman't)
ok  _ 2 ) = Kt KEm)

bukin PM.

Semlt) = Accos( Znﬁcb + Kp mtb)) 1ocos (2T +10°E +2sin(2mi0'E)+ '-Ism('llTHOqE))

mH) =
<p

© Evoluake the maolulation index, B

B= Buk Por multitone = B= AEm_:o
A@a&na{ebm

3 wm.ssqa ¢
@Sv%e:t olmodulator bo recever massage. Signe!
Q@ FM.:
SFM(H = AcCos(2rfct f?.’!lk(fm &) oh.')
ady
2 t
A h =-Ac (2T + 21 Kemls)) Sin (21fe b+ 21rkp /' mCT)dt>
Enelope °
Deteckor

U V(A =Ael 2fc+2TKAmE)

| x () = Ac 2TKE mit)
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Buk in PWm:

Semlt) =Acos (2Tt + Ko m b))

|

90
Jt
U rt) sAc(oTfe+ kpolm)Sin (2T 4 Kemb)
Enelope ot
Deteckor

_\LW’ = Ac (21 + #ﬁg.é&l)

o
jc )

J,x ke Acm tt)
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Ex: Considler the /'; llowmg_ Sigml :

mi

~ot< &0

if mWis applied to am. au?fe mocdulator to proddice amg,(z modalateot Si?m) Sty

@ Find omal. Plot the instaneous 10/27 of SC+)< ::

TInFM:
fita=Fe + Kpmee) Tn PM
APl o . Soult) = AcCos (2t +Komip)
2 /”?_ “-a;c[-r kr)) Saio
—r— | Mg = (e ag):

I

® Evaluate the peak Aeg. deviation

© Fm @ PMm
BF F -Jezkemtd)  pLLP-Fe = KR dui)
DPmax =| kﬂmﬁ\l oot

max Dfwax =

KE dmA
2T ot

@&%esl: amethod via which mi canbe recovered ffom S < gz‘
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@ Find the time-doman expression £e S Por au t
{
Tn FM: Sruld) = AcCos ('LTchl: + 21 KFJ‘M(.T) Jf)
For —aa<t<o 2mi)=0
Sen®) = Acers (zmfet)
For O0St< 2
o {
Sent) = Ac Oos(2ek 421kt [Code « 2mie Jrat)
~of
for 25t <oa
[ 2 t
Senld) = Ac Gos(21rdct + 2k }\ Co\dr + 2vkc;(t\d7+ aka)}n)dQ
-od > 2
In PM:
Somtt) = Accos (2Tfct + kpmt)) = P Accos(2Thet + K£(o)) -o0s<t<o

AccosCzifet+ kpt) o<t<2

(]
¢

\VZ
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