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Review of signals & systems

Real Scemario Mathemakical. omolysis

Proce.ss

Behavior

1D —> Speec
20 — imag_e.
3D — vidko

Continsous @ Digerete. Signol
J l

X L) xCnd

# Riedic & aperiodic

|—| Rmotpreq fo = ' (#z)
Rendl. Penoo(

For peliodic. Signal : x(lb+Te) = x(t)

STUDENTS-HUB.com

xlt) = Acos (;ﬂot)
We =21f [vadlsec)
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Q.membex :

o Cos (ot 3 B) = cos(xcos(B) T 8in(XSin(B)

e Sn( ot B) = sin(x)cos(R) F CosCx)Sn(B)

e Cos(xX) CoS(R) = PP

To evaluate tha expression of cos)cos(B) =
Cos(ot+B) = CoSCCos(B) —Sin(X)sin(B)
Cos( K-B) = Cos(ox) C5(R) + &inle) sin(B)
Ces(o)as(R) = 1 cos(a+R) + l? cos(o-A)
gin{o) 8in(R) =_l?: cos(x-B) ~L cos (xtR)

o Sinlo) Ces(p) = P

Sin(+8) = Sin(ot) CoS(B) + cos(x)Sin(B)
Sin(x-8)= 8inlet) CoS(B) - cos(egin(B) &
Sin(ex)cos(B) = Lsin(x+B) +.L sin(ee-B)
Cos@gin(B) = Lsin(e+/) — L. Sin(x-R)

° C08260=_L+_L<:cs(2°<)
2 <

* Sin*e) = 1 — 1 cosCex)
2 3

A\ Nste: bochack bha periaoliciliy
QiF x() is S}na.(l. tone
(eg,- z[tJ:Ac»s(zh:gcﬂi-) or xCé)=ASn'n(2£§,t)) =),%n‘oo&'c. S:gnd
xlf)= 3cos(2TE) , x(t)= InSE) ) with. To = 277

We = 2The ﬁﬁ:_{(zgn__ DT =2

We
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@ IF xl#) is multiton (eg: 2(8=Arss(oE)+Aasin(tok) + crs )
To check Hu.pen‘oolibg_ D rational / a rational number o Pl
@GWw

Ex: chack iFthe pollowina. Signal is Periodlic o a periodic

2lt) = 3ces (20Tt + L) + 28in(oTrt)
W) “ Wa

we = 2T
21T=2"f' 60"—:2]?0
[0 =niFo 30 = nate

Jjg =na = IdHonal Number = Perioclic Signal

iFr=l = s =(:),L'a —L=soH Pe.r:oo!it.%mk_s‘
S+ cos gas

= xl¥) = 3cos (2wt +_5,T)+ 2sin(2T()6) E ) Furolemerta) 5) uisd
PYEc‘wenod <06

iPwe apply x(t¢To) = 2(6) where Ts =7L =L integer 3 T2y

’ Values zais8

Sinaularilg_ Funckions :

O Skep fanckion, A, AT

Alllth) Z A t>bk A‘___

o o.w | l',o
Sketch Y Ra((ow'm} Sbmls:
Q YY) = 2u(t+y) T ® xal6) = ~3ult14) __ _u 7%

v

>t
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d"swb\ib t_) o_y-eluu‘
Ox;(l—) = 3u(—2!:+l-l) aVasZoomn

<\ d*—"“ aSxsall
G BN Snse e =

/\_;,.26\

@ xalé) =-3u(-2t+8)
e ~3ul -2(t-y)) 4

o

@ po.mp Function

rtt) = b Ezo £ r{zt) = 2rLlb)
o o.w “4

Ex: SKekch the Potlowing. Signal

() =r(-2+8) \’\aha
=vr(-2(t -y))

di’t,kubﬁ/do&h\ | !
(5) Wyks 9o 2> \5b19
@R\se_ru.nckion ()
8Ketch xlt)= AT (c2t+RB)
ossume A, ¢, B S
+A
1 J0¢ E
Ans: x b= /-},T'(x(h- B)) 120 12
Amp Scade oenhr l
£-) —;,% 2k

2
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Ex: Skekeh Ha Bollom'mj Signols

X lt) = 2T (~2t+6) Romamber: xlE)= Xl-t) even ‘EFL

= 3 (-2(t-3)) 2lE) = —x(-F) ogo) t,l
=30 (2(&-3))

L+ L
|JY3 "

Ex: Express the poMow:an Signa |

x:(” 2

| -3 [ ]

-1

34
S = ' )
i -Zl |_ nkf:lo l ?

xa(t)

Qin kerms of Pulse P\md—,ion To=losec '

2(&) = 2 (&) + 22 (&)
where x(6)= 2T(L(E+2))
x2lb) = —2TW(L (£-2))

Xx(t) = { X(t-)on)
n<e
wWhere xlb): 2Tr( lzt?_;) -2T( I%)

Xt&:_i: 2rr(t_ln%_*_7‘) ~2 M t=ton= ?.)
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To evalucte x(t)

X (%) = W(.t)
-1 -3 2 + € 2 © | Y
I__lL
@© Cualuate l:hn_gmolawm{n\ perice To ":
To =10gec x B =_§ a(t-ton) @
@ Evoluate b Fund. preq. (= - o)
£=.‘_‘r: = 710_ Hz
@E&Pfess xlk) interms of Pulseﬂmdiovn
@ Y mpwl se Pumckion  Sl)
A Areal
] ABlt-to) = ) A b-to
| |
0 , Ow stodo
al----
| 1 it A1 sunk }MPVJSC punt‘kion.
Impudse /Qamd:iom /Dr‘opeft'('es

©S(-t) =S(t) even

k) = 8 2
@ lalg S S

® n(H)8k-ke) = ¢lte) 8k -ke) [ Sameling traorem )
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Example.: Cualucube :

(2k%5) 8(-2t +8) =(2t*+s) (-2t -W))
=(2t*+5) S (2(lt-w))
:('Ll:’ns).Ji S(E-Y)
:31.{7: gk -W)

@

t2

tfxms&-to) ot =) i)

(o}

Evo.lm\'e, s

ﬁz&"-+s) S(—2t+8) = 37;:1

=S

oa
@ th]%S(.E—L-o) i!XLI:-Z)S(;FtO)d;I = xU:-bo) Pa\oollﬁ Sl'g.v\u e\

Ex:

A xlk)

o
d

-z T 10

n(+)ti(8(e-m))
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gkt %sPEing_

oL

Caonvelukion

-1 2 - |

L) = ﬂ'(ﬂ *f & (&-10n)

Zn (kﬂ)

n=-f
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Power signal & Energy signal

I

" m|\1
1 St

PlE) = v LLE) -
=L Lt\(R) —> =3\
T
Paué_ = IIM _1_ b"U!‘)

.-,,°2T,‘_

T
E=lim J'-.}uwe
T—’ﬁ
-T

T 2
In geran E=_Lri_r:;£—(2((.f))dk

-
Pa»g_ =Lim L [I1xen™*ok
T=2 2T~r

Mote: D 0<P< R & E=ca — Power Sl‘sr\ql ( €x: Periodic Sianc.n

@ o< €<a & =0 — ijj SBM( (EK:'Time. limited or bouncl@l Sianal)

For bhe Qollowin_g Signals
0 }

@ @ =lf) = 3sinGoTr t)
@ » (#) = 3cos C3aTt)

) .

)
/
\ 3 4 5 -;l

Boundled [ time. limited apericlic — Afiedic Chack Ewgy ( Power
L) o Pe!‘l odic Cors. +bein ofdelbe.  For eoci S‘grm)
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For bhe @nllowinj Signals Chack Ewgy ( Power For eoch Signel ;

2

o |

1
'
!
3 4 s

) .

\

Boundleo! [tipe. limited
L) o Pex‘uodi.c

aperiochic — Aefiedic
Conu. + ban of del ko

G #=f) = 3sinGent)
@ % (+) = 3cos (3aTt)
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E=Lim LQQ&))Z&LE

.—)”

B

rofn-
Wi ~o
<

sl
T Paﬂg_:

i ,
- Lim L [Ix*ok
T i 2
E= lim flx(ﬂ%:’l:
T T
= lim [(o)"dl: + j’(r)‘abb «—)‘(z)"o\t + Cl)’zﬁlr + CO) o’E)
T2 y
7
= lim (o—\— ] +(q)('¢\-\—(|\+o) Answer Lo
Rite o B Sig.MJ
e
Powg_—L.m J_ Ixa-)l ok=_1 w = o
’T'-),o -T ra

@ \\/ Mot Wrgj or powel 5‘.3.:404
-Il | .l
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@Asinlwet)  (In general)

E - an /‘A"sz(wot)db

T o‘

= Lim f [ A- A2 CpS(zwol:')J ak

—7& o
7

= Lim [8%.27 - £ T [snce 2.1 -sint52 7))

T=> 00 2 2 2(2m) T

L;m, .2T =00

TS0 2
P= L.m_l_ A 2F =

Toot U z

InGeneral, if xtt) is periodic Sgnal = Pavg =L fixr o
-

dung QSJ D940 9 Sin /COSJ 111'3.:\0 Power I \.U)J-D_'g) 1’.\4;_9 soluare wove ueey)\S 13 X
_ﬁl—f Powe r )
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Fourier series

-/lF}sonometric S
o0 o9

X(£) = qo + El_O.nCos(nwot) + ibnsin(nw&)
Nns n=)

whavre :
Ob, An, bn. e Eri‘jonomd‘.ﬁc coefficients F°S.

Os = %ixlé’)dk Oam = % 1}; 2elt)Cos(nwet)dlt  bn -_%ixﬂ-)sin(nwet)dt

?e,member:
oif xWeven =2 anV , bn=0
«if xlt) 0dd = Qnz0 sbn v

e Complex exponential FS.

oQ . Ot
20 = 2 a8 twhere Xn: Complex exp. CoefFicent F3.

~Jnwe
Xn= L ]‘xme_ de
Te
Kemember:

i Trig. coefficient FS are Known

¥n=/ L (an-ybn) n>o0 VR (1) A - ban(B2)
"'i (am*jb-n) nlo = ‘/(“T"‘Y‘F(L'%"-" Pa bar (B

Oo Nn=o OGo 4_0

olXal =lx-nl even omd A B¥nz=-L Bx-n odd * P Xn Known =
Gn=a-n and bn=bn O = 2Re L XnY

bn ==2TmZ Xn’
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Ex:Consider the Qllowms_ Sig-nal :
X&) = 3+ Y8in(S50Tt) - 6cos( 30Tk)
a- Ewaluate B trig. coefficcenk F8.

b - Evaluate the complex Exp coefficienk Fs.
c- Plot the Line speckra amp. omol phase Shift.

d- Evaluate bre botal power.

Ans: X(H) = 3+Y8in(5oTt) - bces( 30mt)

w = 5ot wz=30T 5 - n
2 ™

P25 Leis
-7[;-':7'\1},0 JQ-'-'V‘-Z}«;

X&) = 3+Y48in(2m(s)E7t) - 6cos (2M(3\(5) €)

@ > oc0=73
O = -6 n= bn = b n=6
o o.w o ow
® ©
Xn = Y L(-6-jo) n=3  Xn=C33T
L (=6)0) n=-3 3 44T
1Y) h=5 2 4 -T2
L(jv) n=5 2 1wl
2 n:=o 340
o

(o) o.w
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wh\'\ n\=g 'ﬂ ‘}\o:g

n=3
n=-3
h=5
n=5
nzo
o.w

—~3=34TT
24.-T

€3%= ¢o5(6) +)sin(®)
20" Fcostr)+) smd@

. =-3
33T - 2L cos () +) Sinf)
=-3
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Fourier transform

x(f) -fx({:)eJ nﬂtd& MNote: [X@\| = [x(-£)| Even
- e %.0xce) =— 4 ©xf) odd
20t = fxm ET L Pl even — XCF) real

«iF x(B) 60d = x(P imoginary

Ex: Evaluate the FT of the gllowing_ Signal

A x(v)
A
ES T
Tl2
»(F) = fx(ﬂe =JA P
n AT
= ATsinc(TH)
i
-1 \( £
2erc cromna.
Theocem of €T
G)Liv\eaﬁh&.

£ Dt 4320 =3C0) + Xa(p)
@Smlin%

& [xen) = L x(£)
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Ex: Evaluoke bhe Powvier bransfovw of Yne Fotlouima s;amls :

(1

"
+

-2 - | 2 -2 2 -t \

Ans: XU = Xi(¢) + X218)
=T(E) +T(E)
D x(f) = yswe (YF) + 2sinc(2F)

@"ﬁme-delqa_

=1 te
& Cxte-ta) = x@&"

Ex: EValuo.\'e e FT of the aollowiv\j S}snd:

L

|| 23 4 S

Ars.  x(£) = xulb) +Xao(b)
= M(k=3 Y+ (£=3)
7] 2

273

-jemfd)
e’

X(F) = Usinc (uf) + Zsinc(?.{-‘j'l

Ex: Ewaluake FTof Tr(-3t+6)

Ans:  X(¢) =TT(-3(£-2)) ?11;(3&-1))
X&) = .;_Sihc(l?—ﬁ)e"’m @

STUDENTS-HUB.com


https://students-hub.com

® Frequency Eransi bion
2T Fe
£ Oxwe™ ™ Jo xC-p
® Medwlakion Theovem

F CxH)coszmPot)] = JL.X({-‘+Po) +L x(F-F)

Ex: Considler thefolloving System ,Evaluate & plot bhe FT of x(&) and Cli)

x(t) S
where XxlH=3T(3¢t)
C—Lt)= CDS(.?OT”T)

Cte) ’
X&) = 2nlzy) XA = %SMC(%\ T +

2 -

_IZ?:_ \ -\g

-;"- "'q “2| 2
ngbe,\" .

Time-domain | Freq. ~domain

A %A
A f
© LT 1 satr=Am(L) A# %) = ATsine(TF)
- T T L )
T T T T
A X'LG) AT
.oz
@ — . X2 t8)= Ax( %_) > N X (F)=AT sinc (TF)
T T
A A~ AS(M
& | X4 = A 477 X3 = A SCP)
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b- Evaluate & plotthe Foumter transform of S@®)

Prs. S(¥ = ClEIx)

= 3w(2t) cos (Zomt)

=3.1 . L Sinc(L(F-15)) + 3.L.LSin(L (F+15))
Z SUR\

——-— = -

b s

a5t lsia 152
Mebhod:  F(st)] =F [aw)clsT)
=& [ x> Ccui)
=2 sinc(£) # [LS(RIS)+L SCPeis))
= 3.1 sinc(£)#S(F-15)+ 3.1 sinc (£)8(F+1s5)
= 2 sinc (Eus) + 3 sinc(£ys)

® Convoluk ion Theorem
& 0a(®) #x2(0)] = X4 K2(f)
Ex: Evoluake the F'T of :

Y = Xo(€1 * X2 (&)
X =T(L) ond Xalt)=(E)

Ars: & Cye)) = 5. £ (xalt)] \/\4\/
= 2.8inc(2f) 28inc(2hR)

. L]
=Ysginc’(2®) z b
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@Dwx\i\"a hesrem :

X — x(h
X () > X (8)
eg. TE) — swc(f)
Sinclt) —T-M

Ex: Evaluate & plot the FT of X(F) = 2sinc(2t)

As: xP=2 ¢ TCE) =w(g) L1 1

® Oifferenkiakion & Integration

}'[dé?k}'g] = (52uh)™ xtp)

f[j‘x(a\da] = _ZIW X(PY + e 8(f)
- J

Ex: Evaluate tha FT oF the Sigmum Punchion,

| 1o }f —

which is defined as :

Ans: Sgn(B1=2ul8)-I
¥ [aig:m] = 5 (28wy]

—° 2 7 [Santi]) - 2

& Csqni)]) =

STUDENTS-HUB.com
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E: Cinluabe the FTof Dhe Following gignel: X (4) = _l_fm

Ex: Evaluate bhe Hilbert transPorm of  XLE) = cos(20mt)

Ang: Hilbert Transform can expressed as: phase SIFE g

" Q0" )Laas Lo
Pa)
X(P=1 XD da = L #x@

™) Te-a ™

—3((!-‘): d:[j_neL')d.'[le)

since § Usgne)) = ‘(,E ond & [ = -sgn(e)

> }'(—-J— -3sgn(f)
= X(P)z_jSar\(P). X(F)

X(¥)=cos(20Tt)
In our example :
XM ==jsSgn(FIXIP)
whare X(F)= L S(C-10)+ S(R+10)
= O = ~jsgn(f) [ L SCP0) « L8( p-l-to)]

. - 1
“jlofl— 1o o

X(E)= 31 8(F19) 3 48 (F-16)
K(m J il ...; ntréo)k_J Jar(odt
- err( )L‘ - —)2n(e n— - Sin ('zo'm:\
J
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Fourier transform for periodic signal

Ex: Congdes bne Rallouamj penodAc Sgnq\

J2TnFs b { e
poxte) = ST K S(Rn)
pe o8
A
-Ts -:i = Ts
Colemdate FT of xW&)
Ans: TR
A xlk) = i Xnl pLe)
oo
A A
T . T - *TTMT
-Ts —3{ 1:.2_. T "S— I_ -9T5 -T;| T s

A Jom fsE

g [xte)) = OC'Cp(e)JJ-'[ZSL% m‘l‘s)J iS(t— wis) = ECne

To Ewlwate § [ §_s( bniT3) ]

=>F( isw-m’r)] Fl2oed™ - ZCAS(P-nFs)

T\Jemember: Evaluake FT Aor bhe po(lawing_z f o Eualual'e. Cn: AL

@X=3 & 5 X(f) =38
B % =3"T _ & | x(P) = 38(F-10) Cn-_(_j’sm )

ob
= x(®) = plt) ZCnE(Fonbs) = X(P) = ,om i Pe8(P-nfy) iﬁsme)sm n)
" -ip, MaBIS(P-o)

= Xn =fsp(nfs)
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Plot x(F) Tx' Tn Our Sxomple: @ X(F)= ;EfsP(nFs\ 8(F-nFo)

Xa X
TITT ,
here P& = ATT
“fs -fs | fs 2k where P( (—%)
A
Tl__l & . Pl = ATSmeCTF)

= X = 2 FATS(Tf) SCA-nh)

Ex: Consider the po((owing_ periodic. signal :
x(t

NN

-t "ID -2 |

| Ts=10 |

@ Evaluate e FT of X&)
XE) = 2 Ps p(nbV8f-nPs)  cwhere f5 = i

Pl - AW, lF) =sinc™lf) = x(P= E_;asné‘(i)s(f- )
2 nzR 10 e
T - p(2)= sinc'(5)

B Evaluate the Complex Sxp. FS

I E 3
Xn=p$P(les) =7£_.SMC(_I'%_) Xo= 7[55'.1\:(0)

. %
X( = ‘,‘55'"‘ (—(‘;)

@ Plot the spectrum. of X(F)
EN R

STUDENTS-HUB.com


https://students-hub.com

FT“‘Q(S:

2O ) |—s gt

LT = Y& = X % WL

J 2R
x6 | ¢ L Yt

RC dyth) + ytdl = xUy
olt

& [re oly(D) +418 —.xu-)]

= Rc j2mf y(F)e YP)=xH)

fRemember:

XCF) ——{ H(F) —>Y(F)
LTT

= Yee) = x(F)H(E)
HR) = Y(F)
X(£)

Cj2nf Res 1) Y(0) = x(F)
H(&=Y{ =
=S J1HE = '

V1 + CambrRAY’*

Z 8uce) = -ton (2P RC)

STUDENTS-HUB.com

| = ( LO
X(F) 1+37ERC % (enfR 2L Lon' (2P RC)

Hmax: ’ H(O)‘

f“"‘sl\

—fzd® f3a8
orcnt off RQ

Q&member :
b = o
(&
[HON = [
vz

To converk Prom Linaay
— dR
X—> Io[og,(x\
P=x*—¢ D\o{(ﬂ
Qo\o%(xgl

=
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To

Evaluate 346

I Hmox = | H(Fsae) |

Ve
L. = J
vz VG >+ Grrpygg RO?
9= (+ Cawfedg Re)?
= Fadg = __ if Fro8=2ktz = __ | and if R=2kn
211 RC 2mRC

2>C:=7?

@ Low Pass Filter (L.PF)

ke Fain = Ame. oF Oukput
| | Amp, of input
308

-f3d8

> curoff frequency

@ Hi%_k Pass Birer

HE)

____F__ —

-Fzd8 | CgdB

@ chd Pass Fi'l\'v.r'
[ KM

“bw g ’le £ 6 ey
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Ex:Consider !:‘rupol\odmg Sss!-em

Asume

mt) = 2005 (30TE) +UYcos(6oTit) +10Cos (1ooTE)

Bax
@3pecify bhe CKE inside black box b obtain Yt¥) = boos (30Tt

f)
Ans: Al Y(f)

—_—

MP) = S(P-15)+ S(R+ 15) +2 S(F-20) +28CP+30)+ 5 3(P-50) + 5 &(P+50)
Y = 33 (Fis) +3S(F +15)
i i LPF N

~So -30 —|5| 15 36 Seo

15 ¢ Pags <30

K= Amp ol cubput [= 3
Amp. of input |

T\&pes of Fitess:

® Speclp%_ bhe oukpuk of bhe Sgsl:em it black Box Contain BP.F as Shown below

wlf) _ (R

{
-yo =35 -3s] 30 3% 4o

e
—13: TO Y() = 4 8(Pt30)+ 4S(P-30)
y(h = Scos(éomt)
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