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Analog Communication System ClH = AcCos)((H)
I We

↓ ↓ ↑ 4

Amplitude Mod.magnitude proportional AngleMod free phase

~N
with message signal --m

Normal Am DSB-SC SSB-SC Freg.
Mod phase mod.

DSB-FC" + (FM) (PM)

USB-SC LSB-C

Note :

w = dd(H) at AMEWC=Ot =2dt

&ut for FM
filt =fc + kfm(t) ; Kf : frequencysensitivity CHz/vat]

wi = doilt) = dilt
=YwidtOt

= [fi(t)d]f2π(fc + kfm(t))di

= zifct + 2πkfjm(t)de

Note: filt) -fc= kfm(t)
Af = fi(t)- fc = kfm(t)= freq deviation

if m(H = Amcos(2πtfmt)

Afmax = KfAm : max. freg.
deviation

peak freg.
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SFm(t)= AcCos (2πfct+ 2π1f]mcdt)
if we assume mit) =Amos (2iTfmt)

Stm(t) =AcCos(2tfc7 + 2 KfAmcos(2nfmE)dt)
= AcCos(zTfct+ 2#kf o Am Sin(2fmt

= AcCos(zTfct + Afmax Sin(2tfmt) ; Let B= Afmax : Modulation
fm fr

index

= Accos(zifct + Bsin(2fmt)
= AcCos(zifct) Cos(Bsin(ztfmt)) -Acsin(afetsusin(tfmt)-S

3 BSin(2nfmt) Sin(o) = 0 &

if B< 3 very small [narrowband] =;i sin stil

1 = cos(o) y (48100s)

=>SFM(t)= Accos(zifct)-Acsin(zTfct) .BSin(2Tfmt)

Remember : cos(1+B) = cos() cos(B) - Sin((sin(B)(

Cos(X-B) = cos(a) cus(B) + Sin() Sin (B)

=>Sin() sin (B) = +cos(x-B)-LCos(x+B)

SFm(t) = Accos(zifcH)-Ac [Cos(2t(fc-fm)t)-cos(2(fc + fm(t)
= Accos(2nfct) -AcB Cos(2πT(fcfm(t) + 1 cos(2π(fc +fm)t)

Remember : SAm(H) = Ac (1+Kam(H)cos(2nfct) ; m(t)= Amcos(2ntfit)

= Ac(l+Mcos(2Tfmt)) cos(2Tfct)
= AcCos(2fct)+A cos(2(fc+ fm(t) +Acos(2(fcfm)
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AM : FM :

I Ac
X X X X

1M

a - - Y a - a
aB

4

fofma fefm fofma fefm
I I I

2fm Bu
= 2fm

Mr = (1)? 4
& 100%

(1)?2+ (1B)24
But B1 [wideband)

Sfu(t) = AcCos)2πfct + 2πkf/m(t)di) Since mCH) =AmCos(zitfit)

=>SFM(H =Accos (2itfct + Bsin(2πfmt) periodic signal with fund. periodIm

jztfctisifint)= Re[Aces(anfet + Bsin(2nfmt))]= reface se a
Periodic

= ReBAceftyneizing fund , period

Tr Tm
=If

Xn=(x(tinfmiBSin(zfmt)zinf
= Jn(B) su Bessel function

Jn(x) = (-15-n(x) JHE3j ,(x)E
↓

Jn(x) = (-1)"[n(-x) for small values ofXn . Jn(x)= Xn

&
24n !

[(Jn(x))2 = 3 , for all se
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St) = ReEAceftyneizing
= Re[AcJn(B) enftezinft3

=Acn(B) Cos(2(fcnfm)
Remember : SFm(=AcCos)zifct+ Bsin(zitfmt)

T 3.

Total aug power : Parg = Ac(Jn(BI)" = A
2

but Pc = AJ(R)
To evaluate the BW :

SFM(H) = AcJn(B) [f(f(fc-nfm))+ S(f(fctnf) T
Jo(B) Jo(B)
Ena (B) JI(B)

& - & -

-fo fc-nfu fefm fo fotfm fetufm
·

BW = 2nfm

To evaluate Power

Stult) = AcJn(B)cos(2(fft
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Prot = (AcToBl + (AcJB(Ac(AcJB(AJ
2 2

+25,B25B)+...25

Stm(t) = AcJn(Bicos(2(fnfmt
Total power Parg= [5B) + 25E(B) + 25B) + -..

+25(8))= 0. 99

Pc = Aj(B) BW = Infm
2

Ex : Find the 99% powerbandwith atan FM modulated signal when B=

and B= 0 .2 at

at B= 3 Jo (1) = 10
.
7652)

5
,
(1) = 10.4401) M M

a a

J,
2(1) = Co

.
11497

M

&

N M

&

N

+2 +25+

---fozmfcfmfc-fafm-fetfm fcfcfmfc fafm f
I I

BW =2
. 2fm = 4 fm
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freg . Mod

Clt) =

Accost
a

Amp. Angle

In FM

SfM(t) = Accos(2nfct+ 2TkfYmct(d) if mit) = AmCos(2iTfmE)

Stm(t) = Accos(2ifct+ Bsin(2itfit)); B : modulation index B = Afmax ;efmax : peak
for

kf : freq. sensitivity freg. deviation

ifB very small [narrowband FM)
(NBFM)

SamlH =Accos(2tfct) -AcSin(2nfmt)sin(2nfct)
= Accos(zitfct) - AcB [cos((2(fc-fm(t) - cos(2+ (fc+fm(t))

Ac
X X

BW = 2 fmax
a ~ a

As
FM 4

if B [wideband FM (WBFM) fofm fo farfI

BW = 2 fm

Sfm(t) = AcJn(B) cos(z(fc+ n fm(t)

To Evaluate BW

Jo(B) Jo(B)
O general => 99% Powerbandwith

M

an B)JIB)

Daug = [JjB)+ 25B)+..)- & -

-fo fc-nfu fefm fo fotfm fetufm
·

BW = 2nfm let B = 0 .2

B Jo(B) Ji (B) Jz (B) 99% Power Bandwith
2

Jolo.
2) = (0.99)2 0 .993-20.99 0.8995 25,(0.2) = (0 . 0995)"

BB = 2(1)fm

STUDENTS-HUB.com

https://students-hub.com


Note :

I(3)=iBsin(zfntnfm

② Carson's Rule (98% Power bandwith

BW = 2 fm(B+) = 2 (Afmax + fm)
= 2BW(B+ 1) = 2 (ofmax + BWmessage

message
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Generation Fu

DNarrowband FM

Stu(t) = Accos(nfct + 2πkfTm(t)dt)
if mit) = Amcos(2πTfmt)

StmIt) = Accos(zitfet)-AcBSin)2Tfmt) Sin(2iifct)

MBFM

Sfu(t)mc)
, 2tkfm()di

* E &
NBFM

m(t) NBFM SFM

Acsin(2fet) Accos(zfct)
To generate WBFM

① In direct method

m(t)
,

NBFM SCH) = Accos(2itfet+ 2kfYmct(dt)
if mix) = Amcos(2ntfrt)

NBFM

Stmlt = Accos(2fit+B'sin(2nfmt)

1 (n freq Multiplier

r(t) =A(t + 1 cos(2π(2f2)t) +2Bsin(2itfmt)
B

.
P. F.

Center at nfc

~ y(H) = Acos) (
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Direct Method
fclt)= I

2TSCLith(CCH" 2T -Litha) (Co- Km(H)

filtt = I

zsilico i m()
Co&aaelect = fc . (1-k , k

· T

=fc(1 + + . km(+)
= fc + fc. mH = fc + kfmt

Demodulation FM

Sym(t) =AcCos(2 i+fct +2π1f[m()di)
=
Ac(+2kfm(t)sin(2πft+ 2πk]]mutdt)

Envelope detector

~

Ac(2nfc + 2πkfm()

· Ac2TKfm(t)
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Ex1 : Consider the message signal g(t) = -Ot< 2 is applied toE O 0 .W

an FM modulator with sensitivity Kf = 2H2/volt to produce an FM signal
S(t). The unmodulated carrier is 100Hz

ng(t)
& find and plot the instantaneous frequency Stt) versus time.

⑪Find the peak frequency deviation of s(t) !
② suggest a method via which glt can be recovered from su

① Find the time-domain expression for SlH for all t

D fi(t) = fc + kfm(t) = 100 + 2m(H)

filt)

Cfilt) = fc+ k+m(t)
A

filt - fc = kfm(t) 100
lootht100

Af = kfm(t) t
Afmax = (ktm

③ Stult)
, a r(t)) Envelope Wit,

detector

SfM(t) = AcCos (2+fct + 2πkf]Ymctdi)
r(t) = Ac(2πfc+ 2πkfm()Sin)2fct +2kfmcdi)
U(H =Ac(2nfc+ 2πkfm(t)

y(t) = Ac2πkfm(t)

t

① Sfm(t) =Accos(2i+ f(t + 2πkf(m(t)dt)
t

= Ac Cos (2πfct + 2πkf(g(t)dt)
-

S
Accos(2ifct)

z

2

to

Accos(2itfct+Tkft2) okt(2
Accos(2nfct+2f() I t > 2
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Ex : The audioSignal mlt) = Amcos (2004) frequency modulates the Carrier

CHt) = cos(2π+ (1000t) when Am= 1. 8 , S(t) shows a peak frequency deviation
of 320Hz.

① Find the FM modulation index

& Use Carson's rule to estimate the bandwith of St)

③write the modulated signal in time domain.
"

④ Find Kf

⑤ IfAm changes to 3.2 find the new frequency modulation index.

① B = A max =KfASm

= 320
= 3. 2

100

② Bw = 2fm(B+1) = 2(100)(3.2 +1)

③ SFM(t) = Accos(zifct+ Bsin(2tfmt)

④ Kf = B = 3.2x100 = 320
1 . 8 1 . S

⑤ Afnew = If Amnew = 320. 3. .2 B = Ifmae1 . S
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Ex : Consider the FM Signal S(t) = locos (2(10000) t + 1 . 6sin(2(100t)).The FM
modulator sensitivity Kf = lotz/volt The modulatedSignal SCA) is passed through
an ideal bandpass filter with bandwidth 500Hz centered at the carrier

frequency fc= 10000 H2 to produce the Signal glt) .
①find the instantaneous freg .

of S(t)

② find themessage mit

③ find the peak freq . deviation of S(t)

④ find thefilter output g(t)
⑤ find the fraction of the power contained in glt) to that in SCH).

& filt)= dilt) = fc+ kfmt
dt

= (2π(10000) +1.6(2π)(100) cos(2TT(i00)t)

②filt = fc + kfm(t)

filt - fc = Kfm()

(1.6) (100) Cos12(10077) = m()

If

③ Afmax = Bfm = (1 .6) (100)

④ SinceB [wideband)
StM(t) = Ac[Jn(B)cos(2(fcfmt)
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freg . Mod.

AngleModulation--phaseMod.

;C =Acco

Infreq Mod.

fi(t) =fc+ kfm(t)

fi(t) -fc = Af = kfm(t)

Afmax = 1kfmst)/max
filt) =+di =fc + kfmt

E
If m(H = Amcos(zifmt)

DiCt) = 2πfct + 2πkffm(tdt StM(t) = Accos(2ct+Bsin(2nfmt)
where B = Afmax=Am

Sfu(t) =Accos(2nfct+ 2πkfYm(+)dt) fr fr

O

·
In PM

O = Kfm(t) :

m Peak aSfu(t)

-> peak message
=> Spult =Accos(fIt is z us

sFmax
filH==f +kf a Cht)

aSfu(t)

filt = fc+ dm s It's slopet

Afmax=M
max

To Evaluate BW, we can use Carson's Rule :
-

BW = 2 fmTB+ )
↑

Bandwidth of message Signal
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Ex : Consider the following angle modulatedSignal :
Dilt

SH = 100s CT10+ 2Sin(2017) + 4 Sin (YT 0"t)
↑ Y ↑

fc = 1x10 fi = 10kHz fz = 20kHz

&Evaluate the Bandwidth(Fr& PM) , using Carson's Rule :

= BW messageBW = 2BW(B + 1) = 2fmax(B+ 1) = 2 (efmax + fmax)
message

Remember :

filt)=da= (20P(2(2* 10")cos (2* 10 "t) + (4)(2π*104)cos(uπ* 10"(t)

= + 2*10 "Cos (2ITMUYH +80"cos(410")
Fa

I > ---
E-fc = 2010" cos (2104E) + 8x10" cos(UT10H) MIT
Of

Afmax = lookHz

BWm()

=> BW = 2 (A fmax + fmax)
= 2/100 +20) kHz

① Evaluatemct

In FM :

Gilt)

Som(H = Accos(2nfc7+2 kfm(t)de) =10cos(m+ 2 sin(z)
To Evaluatem(t) in FM : + Usin (4TX10"E)
① filt) = 1 dQ(H) = kfmH)+ fc

2T OE

= (2πfc+ 2πkfm(+)
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2
C(dilt)=
"

+ Mocos (90"+" cos(4π*10
"+)

dt
= 2xfi(t) =Ac + kfm(t)

but in PM :

Spult) = Accos(2nfct +Kpm())= locos (2T+ 10+Isin(201)+ usin(YT&10"t)
m(t) = 2sin(2n+0 t)+ usin (41&10"t)

KP

② Evaluate the modulation index ,
B

B = Afmax But for multitone => B= Afmax = 100
fm-> Singletone

fmax
N

BWmessage
⑪Suggest demodulator to recover message :

Signal

& FM :

Stm(t) =Accostem
d(1
Ot

↓
r(t) =

-Ac(2πfc + 2πk=m()Sin(2nfct+2km(t)dt)
Envelope
Detector

↓ VCH =Ac(2πfc+2πkfm(t)

~ m(H) =Ac2kfm(t)
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But in PM :

Spm(t) =AcCos(2Tfct +kpm(t))

~

d(1
Ot

↓ w(H) =Ac(2πfc+ kfdm())Sin(2πfct+ kfm(+)
Envelope
Detector

~
v() = Ac(2πfc + kfdm]
kpAcdm(t)

Of

Si

v
= kpAcm(t)
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Ex: Consider the following signal :

a OH
mi I

-<ta i =>

D E

%
2[tx

ifmIt) is applied to an angle modulator to produce angle modulated signal S(t)

&find and plot the instaneous free of SH)FM

↳ PM
In FM :

fi(H = fc + kfm(t) In PM

↓ ~filt-f+ (2)
Spult =AcCom

> t filt=dif + kpd) =fdt
fo

⑬Evaluate the peak freg. deviation

① FM ②PM

Af =fi(t) -fc = kfm(t) Af=filt-fc=m
Afmax = /kfmHt/max Ifmax=m

① Suggest amethod via which mult can be recovered from S X
FM

YPM
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⑧ find the time-domain expression for SCH for all t

t

In FM : Stult) = Accos(2nfct + 2kffmC)di)
For -a <to =m(H=

Stu(t) = Accos (2itfct)

For OXt < 2

Sfm(t) = Accos(2ifct + 2πk](coldt + 2πkf(+di)
For 2tX

Syn(t) = Accos(2π+f +2πkfadi + 2π(d++ 2 dt)
In PM :

Spm(H) = Accos(2fct + kfm(H) = Accos(2tfct + kf(0) - a <to

&Accos(zitfct+ kft) oft < 2

I
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