
*CommmCaten -System

* Fontes- Tronsformatoni

Ls Thus is a madhemedical Tool) used fer regvecy analysis ot signals.

This Can Exist fex- �) Energy Signal (ES) (0) Powe signal (P)

M) Tmpulse nelated signal

x(j) oY X()

bx()
x( X(o) (2) x(o)t)

dt x(- x(o).etlo

(Foies ansfom) (Ivese Foie Tronsfm)

• &istene of Foies Trm sformtion s)The J may kave Singe Gale and hauing tute max ond mn.

2) The n has a finite disContimty în any firite Tnteae

(Abseldely Fegd signal)

Ly These Conditons Gre Sufficient but mat NeCeSsony

Pruperies -(Limearityi Xx(o)

x,()+Bx() o) + Frglo)

Prsoof:

X(0) -

(3)Area Under x():
Area umde x()= x(t+

X*(w)=

At w=0
X*-)=
w)
J*0.tt

Area udes x(t =X()
=0



4)Avea lnder X(w)-
ARea Under xlw) = 21x)|

t=0

(5)Time Reversal:

x(-t) < (-w)

Proof- X(o)= -jwt

X(-)e x'0)

x()<X(o)
x(t*to)xwetJot

() freqvency-shftng:
X)<X(w)

(9) Cowoluton m time

X{4)

,(t)< lo)

-t= �t= -T =-d

Jate)-ocac

x-x(9-c)de

(lo) metiphicaton n Time i

-� (Convohuhon n brea)

x-)e>x-)

6) Time-Staings

(at) <
Tal

x( i ato

Proof
-jwt

Xlw)= Jzt0-e
t

x(at) x(w)

<luw)%()

2

(M) Diffreniahon in Time i

x()<X(o)

xtu)< (io-xlo)
dtk

Pvof

(I)°a>o�

dt- de



(2)Indegadn

X()

x()de

In Time &

> X(o)

X(o)
+ TX(O) S(%)

k Lmit Jopulse fncbion (pelta t

yThis is a Narrow Spikeith ared 1

,X=0

-Frz}x Fr{uw}

J
+ TT X()- �t)

.f()- S(x) =io)&tx)

�Ho). S«)=fto)

• S(-a)= fcas.8(x-a)

Jf(x)- 8(x-)=Jia)

(3) Difhehaten in feenyi

dn
x(o]

x(t)-S(4-to)
= x(t)s(1-t)

Xt) &(�) x()-S()

S(at)
1St)
Jal

S-) =S(t)

(14) nodulatin

() 4) Sn w,tt[xlat -x(w-w)

(15) Dvaity:

x)<X(co)



*FTof Basic Signals:
1) DC -Vave X) Ap

(3)Ex pornential siqnads -

+)ert u(t),a>o

t<o

(Niot Indegabe)

=A,8o)

ct.(t)-e-jwtt

1_Ao
20

A,Sa).eiut
duo

S(w-o)-eJwtdw

Jeat.
-Jwt dt

(a+3w)t dte

Ao

20
Sl0)dw - 1

a+jw

X()

<21A,&lw)
Ag

2) Tmpulse Simal i

Y)= S(

x)< > X(o)

Xl)-x4)-Jotedt

S4-o)-e
-Jwt

X (w)= a+jw

(4) Signum dncton :
-1 t<oht

X4)=Sgnlt) = t=t
1, t >1

*x() is Net absehte Tutegabe.

So Consider- x(4)-Lim e'sn()

sgn(t)=)-u6
X (w) = 1

Xl)= Lim fe-ue)– u-))eut

Limao -(atiu)tlt

t=0



V(t) =
ult)

1.t >o

t<o

*Rectongulory pulse -

X00 =Arect()

-� :Preperty -

= u(t)

(W)[u-t)]*= u(-t)

D)

U) u(at-to) = u(t- t)

*Tringula signal i

X4) = A (1-)
TA

t Unit Ramp sig nal i Tlt)

t,t>o

,t<o

�)-ut) t

Siqnm n i- Sgn(

+1 , t>o

-1 t <o

� sgntt)
=2U(t) -1

X() = ACos(wt+)
A Sm(Wt+)
=27f

21

BNormaled tn

Sinc(2)=Sm(1A)

for A=t1,t2.--.

Lnit Terablic Siq nal s

x)=
lo,t<o

m-Nomalded tn

Sa(a)=SmA

Snc(o) - Sa(o)=|



(5)Unit Step signl i

X()=ult)

Not absoluely Faderabi

Congider- t X() = Lim t,
u(t)

C>o

(G) FT of ewt;.

X() =e

x'(w) = 8(w-w,) x')

X)
X(w) = Lim eatut)dlt 2

Lin

Lim

Jetet

-(a+j)te dt

S(w-w)-e

jwst S(uo-w)do

1 e
20

Lim
-(a+jw) 21

Lim O-1
(a+jo)

Lim 1

a>0 a+jw

Cengider -X)- 1+Snl)
2=+sgni

Fr(a0)-F+sgnt)|

(7) FT of Cos wts

+e

Fr[x]- Fr(et)� Fr(esay),

X(w)= [218(eo-e) + 2nS(0+4y),

|X)= T8(o-w)+Slw+w)

Xlw)=tTS(0) Sinut = let-e

Sin wt < TÍ8(0+w)- s(w-wo)]



I11011029)29

(e) Rectangur tn' ()Tringulr pulse :

A
>t

X()=

X)

A

Jae

else

> X(o)

-jwtdt

A(t)- 1-214

X() X(w)

-/a()e-stX(o)

dt

(1Jeto'n+|(-Jedat

A
X()=(-j) (e

X(o) = -A
jw

2A

-e

jocs_ e
2j

(eoteeotdt

X(o) =2A Sm()
Sm(g)

X( o)=Ac X()=

2cosot dt -

4

2tcswtdt

()
Xlo) = AT-Sinc

Sm()
XCo)= 4 2 Sm

Sm(a)
x(w)=

2 ()



lo) FT of Sompling
fmcien

X() A,Sa(Kt)

X()eXleo)

A Rect() > ArSa()
by Duality Property

ATSa(t) < 2n y(-w)

Ap=At
K=



k- Amplitude modulaton i

change in the omplitvde of the

Cnriey signal With espect to the

instn tneovs Vahe of the amplitvde

of the base bond message signd.

= mt)-Cog co_t+ACosat

Fr(os)= T(S(w-)+s(o+u))

Fr[AGs4t=An[slo-Q)+slw+w))

Am

[ml3-)+ mtot)]

Single tone modulcten i

= (Amleso,t +A)osut

� Spectn of (x_(w)]PAm

ISB

Lse

(1)DSB-sc (DoulleSide Bend -Sup pressed

c) Carier)i

n() s)
messogesignad

Prtodut

Moduldet

s(t)=m (t) .(t)
s) =m() -AeCosot

m(<n(w)
s)- a_m)eat+e]

s()<�[n(-om)tn(un)

Ac

let u=Am
Ac

=(A-los )(14eS )
USB

LSB

=Aosut+ 2 *Powes Reyied ttrms mit one side bnd

P
ne side bnd

2
'both Side bond

1
A

*Bnd -with BWnssc

=(wto,-(0-um) 2m



*Synchronovs
De-modulatri Cose-3

S) 3)
LPF �distoton Érry (qvality )

Y)= s) - t)

m()- Cestwt)

=m) Cos(24,t) +1

*Polles EMciery

m(t)= Am Cas

c()=A, Gs(ut)

sW=AAm Cos(o,tu)t +es(w-ant2

Rejected by LPF

t]y')=ml)+ [ml-20)+ m(w4

= 1AAm
2

4

P'sB

-20

*Effect of phese nd treyeney

*Co-star Receivesi

y Tt Removeg the uachtre

NH) Effect of e Syneonus

democdvtet

Fltey
A

t)-x)· cs(Awt+ $)

Cose-1: A3=0, =0

e=x)� No &ny

Cose-:

9phase Line

J,c)= s)-A,Snlat+f)

2 m4)Snp

y)= y,(4) +Yg()

� Ateveton Evoy (signa)
when -o -9�

shengh

t)=o

Quocatre N

When fs�

y4)-`my)



(In-phae)J-chane)

LPF
S()

Cos(tt$)
phase

Vco
D�Sinte

9cphase sifer

Sm(cot t+)

Produet

LPF
(ovahadre phare)

medulaty
9-chanrel

*Co -3tr Recievey

Note detect Pielet Receiver

Nm- Lineey modwetoy -

NL

m) x,)

Brr

NL

X,() = m (t) + ACosat
X()= ALogot-m)

"y)= ax() +bt)+ ...

y' = 9,() - y4t)

- [az,t +bx)]- [ox,t)+bx]

- [a(m +Acs4t)+b(mc) +Ast)

- [a(A,cocus,t -m(t))+b (A,cosut -mtt)]

=20n()+4bm()Cosat Ac

y= 2a m(t)+4Abm(t) coswt

y)=4A,bm ().Gsuwt



*Am -Moduledhoni

Let m)= Amlos t

ct)= A Cost

(s]
Am

A [1+K,mW]Cowt

K= ='Amplitudesensithv hy"

Envalepe = A[i+Kamt)]

�Caled it a " DSB-F

.Sihgle,
Tne Am i

single messag signal

m(t) =Am Csot

[sw]-A[it Kmtt]cosatAm

=A Li+ KaAmCosu,t]Cosat

=A 1+ m Casw #Jcost

Power- efhciency-

Pusehxloo
YTotul

P(14m)

2ma
2+m

m,=1 � n= o 33-331.

Cose-1 :m, <1 Under-mcdultin

Am <1 � AmAc
Ac

Enva ope

m,=KaAm (Mcdulatn Fndex)

maAm
Ac

=Aost tA_ma Cosot Casat

= Asut t

-Ve

=Aost +Ama2
� Powes -Anaysis 3

[Cos(u+ot ttostw,
(s()mo =AetAm

|st) Ae-Ammin

SB

=
4

1_Ama
4

A =

Ac

An =

Amem +Amin

2

Ama-Amin
2



Am
Ac

Ame Amin

Ana t Amin

•Bernd- wHd thi

Let tm, K tm,

Coge-2.m=1 (Critical modulatn)

2\c

Ali+tosnt)
B-W=

-2N

O. tor an Am Signal,BIA is 1o KHZ and the

highest rreny Compunert Pregend in is

7o5 XHZ. what is he Cemier frey. used

for Am sgn.
Ang BW=1okHZ

Cosee-3
(over m odulatin)

<Am

� dve to the phase Reresal, data will

be Lost in this Cose So we do at

acquire this

tmul-Tone Am:

Lmrehm me megsage signal.

m(t)=m,() +m)+

Am

-Power

Pusgisg-r m t..]

� 2tm = lo � m=SKHZ:fet fm=05

A brudCostey Am tmsmittes used Comey

Powes of 400ld cmd depth of modulatn is

75t.uhat is the total Pole in modulated

avt.

Ang
P=4coW

2

m,=Nma tms + m t---

Nt medut aten Index

= (i+ )

=400
41X4ee
32

512-5w



9 find the efficienq ofAn Signal
of

(a) /m,= Go1 (b)/.ro, = Sol

Ans ma
2+ma

m, = Gof.

Note

Pam =Pe(1+md)
2

."ringulr ware fetm

2+5

XIo0
59

m

3+n

t Am -heneraion:

)Sqvome law modl ation i

Non Lincay devsce

+2Ces(2110t) Ces(4mI6t)

draw the ine Spec�nm find modlaton

Index.

fng )=1o +o-5 Cos(2nilt) + o-2Cos(41iot)

Cs(2n10-t)

ma
=02 =2TXio*

USB: ttm, tettm

[10+10,t0+2x/o]

LsB: [fe-tmy te-fm,

= [106-16,166-2x/o1

=
As-bmy

Ac.mo,
=2-5V

= 1V2
2-5V

1y 1/

392K 59K J0cok loclK |oc2 K

R i

Vt)

mt) Tune at

freqeney

BPFI

:V,()=m)+Aos t

V,)= av,(+by4)

Y,4)= a (mlW+A,Gsat)+ bfm)+Aosut)o

= amt) + aA,cos t + bm) +

bACosot + 2bm()Alosat

f-Sm fe

Tis Con Pass only în the Ramge of

(fe-fm. fetfm

J= V,)=aACoscat + 2bm( ACoswt

= A[a +ebm(]Cos wt

- aAe[1+2met]Cosat



= 2b Am

*switehing modulator :

R
BPF V.t)

V,) = Accoswt + 2mt)Cos4t2 TT

Synchonoug /Coherert oetecteri

Samlt) LPF

mlt) V() –m)+cu)
if ,0>o �Jorwm bias Closedl

Switeh

fV)0> Revevse bias � open
Suiteh

" A >>Am -�diode depends A

Ty,)

c

Loeal os cilatey

SAm()-A [14Km()]Cosw, t

c4)= A eegwt

Y() =SAmt).c)

=A (1+K, m()) Cos*(ut)

1+Cos (2~t)

2

2A A Kam(t)
2
X

ya) =Ae Ka m(2)

of

-To

Am

bfmctionig of diode =P)

Vyt)=n (t) +Ae Cosat

P()=+T n= 2n
Ccsltan-)

If No pheye symchorzatn

ct)=A,cs(w +)

y'=AKa m)- Cos

t=9o � y=0

(Qudte Nll efect)

t



*Sfvare - Law Detecten s

NL Jeee C

V,CH LPF

V,y= a(4)+bvy
V(3= A [1+K,m)]Cosot

V,)

Iwhen V >V,,� FB � short Citeit

when Vp < V R-B open civuit

2

4) = aaRst t aKmAsqt +

b(1+Km)+2K,m)A1oat

K m)
orignel Distrhn

D= bA Kmt) 2

Km)

D

for D

Kaml)

Envelope Detector :

�Simple md effeatve for detectin of

row bend signat. (fe>>2fm)

-� Used in Commereal Am adio receiver.

� It Con be used for-u<1
failed foy u1

Coge-1 � when t=ot

Vp>V � FB � S e

� Capacitos Lill chage

�T= RC shold be smal) feyrapld

dorgng

Cose-e � when t=t

(VR,< Ve)

Capacitey wà) stort dischoy

� dide R-8 -0-e

�t=R,e shald be high so tht

Ca pacites dischonge slodly to fola

Envelape.

Cose-& � when t tto tz

Vp>V � F.B � sc

� Capacitey uill stert chargog



I¥ Inpd - A (1+Km)]cosat

Output - A, [L+Kgm]

A K,m)

� For Satisfocteny opr. on Enelope

detector

<< Rc <<

* Ring modulator:
L:1

c(

(DSB -S)
1: 1

ve

BPF S)

Rectifier Detector -
VRL

Basemendt

Signal
Cose1 when c(t) is ive

�Forerd Bias amd act

as shart clrcuit.

3b Da � Rerese Bias md oct as

OPen Circuit

LPF v)
V) =m(t)

Cose-2 � when cit) is Jie

D, D Reverse Bias

D b Da fewd Bias d act as

short chrut

BE)= -mt)

P)=tost
e)=la+m()]

Afks passrgLMPF

2m(t) =V6(9

� Vt)= m() ct)

Foriey Series exPnsen of c)showshat it

Contams lot of odd hertmnics.

ct)= -1)
Ces(n2nft)

n=,3,5-

� hen vt) is Passed thugh BPF ned to

fe

s() =4m() Cos(2nft)
TT



* Squar-Loop Techaqve (DSB -sc)- c')=A Cos (w )

m( SquaremNerew bend

ciTtut fltey

(20)

m) veo
att)

�Demedudatin Techniqve

�mH = ACos t m (U

m)=AmCust

aAm (2tesu, t) (2e'omt)

s(t)- (A cesQt-m() Acos4t

2

A'm() [1-es0ctJ2

s (t)= Ac.mt)2

*SSB (Sngleside Bnd) t

•In Cose of SsB,ony one side bnd

will be tramsmi tted (becavse be th the

Sidebnds Centain Some infematon)

m() =AnosCt

=AAm [1- Cos24 t)[-Cos2a1

= Ax(1-ces2t) (1-Cos2a,t)

=A 1- Cos2t-Cos20,t +2tst
After rasg Nmw bmd fitey

= Ag os(2t)

Let it vco gen erate -

A Cos[(2a +Au)t+$)

=ArAe
2

Sssg(t)=A_Am cos(wtWmt2

tetm

-tfm te-fm

ÜSB

LsR

e=Ak Cs(Aat+$)

we se
Aw=

c) N) = Aos (204t)

B-w = (fe+hm)te

=fm

fetfm



• Powey of $sB

2

2

2=AAm

PsB -1

-GeneralExpressin i

Sesp =Aem ces 2n (f:tfdt

AAm Ces(eft) Cs(2nfnt)

AcAm
Sm(2nft) Sm(2rfrt)

S-usB

n(t) = Am les2n5nt

Afky S6 phaye shift- AmSn 2r�ft

n))sthe
m(t).

Sssg(t)=Am()

hlbert trensfermndion of

cos 2nft 2

(+):LSB


