EC3354 Signals and Systems Dept of ECE 2022-23

UNIT -1
CLASSIFICATION OF SIGNALS AND SYSTEMS
PART A
1) State the properties of LTI system. [ Nov’11]

Any LTI system is characterized by its impulse response & its behavior is described
by its convolution operation. The properties of such systems are equivalent to the properties
of convolution. Apart from being linear & time-invariant, the convolution is commutative,
Associative & Distributive.

2)  Draw the function m(2t+3) when m(t)=1;forts?>
0 ; otherwise [ Nov’11]
o Time-3Shifting Tr(t+3) Time-Scaling t ™(2t+3)
1
1 1
=t >t -t
-2 0 172 -3.5 25 0 -1.75 1.25 ¢
3) Determine whether the following signal is energy or power signal. And Nov *12
calculate its Energy or Power. x(t)=e?'u(t). [ Nov ]
E— |II'I"I j| (”| &= I _'"df 1
¥ —
4
=l il
P= T_'._mT m,j|x(:)| dr = ||m J'e*‘fd;_ 0
Since Energy is finite & P=0, x(t) is an Energy signal.
4) Check whether the following system is static or dynamic & also causal or ngn-
causal. y(n)=x(2n). [ Nov’12]

Since the output y(n) depends on the future input, y(n)=x(2n) is a Dynamic
system & also a Non-Causal system.

5) Give the mathematical & graphical representation of CT & DT unit impulse
function. [ Nov’13]
5(t) -
Unit Impulse (CT) I Unit Impulse (DT) o[n]
fowar—=vti=o0 501 {1’"20 l
== I= = | FT =
g
=02+ 0 ) >t 0,n=0
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6) What are the conditions for a system to be LTI system? [ Nov’13]
For an Linear system ; T[axa(t)+b x2(t)] = a y1(t)+b y2(t)
For a Time —Invariant system : y(t,T) = y(t-T)
i.e., Response to a shifted input = Shifted or Delayed Response
7) State any 2 properties of unit impulse function. [ Nov’14](R13)
0 [ x®st)dt=x()
i) [xO3-t)dt=x(t,)
8) Draw the following signals. (i) u(t) — u(t-10)(ii) (1/2)" u(n-1) [ Nov’14 ](R13)

M ey u(t)‘: u(t-10)

>

1 1 — I

~ Y

0 0 10 0 10
(1/2)" u(n-1)
(i) Let x(n) = (1/2)" u(n-1) |
0.5
At n=0, x(0)= {1;2} u(0-1)=1.0 =0
Atn=1, x(1)= (1/2)' u(1-1)= (%) 1 =%
At n=2, x(2)= wz}z u(2-1)= ()1 =% 0.25
At n=3, x(3)= (1/2)° u(3-1)= (1/8).1 =1/8 & so on. 0.125
I
o 1 2 3 4 5
9) Define discrete time unit step & unit impulse functions. [ Nov’14]
Unit Impulse(DT) 8(n] Unit Step(DT)
ll[ll]
| =0 | = 1. =0 -
5[”]:0, 0 4 0, n<0 T T T
JHE 50 -
0 n
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10) Define Energy & Power signals. [ Nov’14]

For a signal x(t) or x(n), if energy is finite i.e., 0<E<~ & power is zero i.e., P=0; then,
that signal is called an Energy Signal.

For a signal x(t) or x(n), if power is finite i.e., 0<P<« & energy is infinite i.e.,
E=«; then, that signal is called an Power Signal.

11) Find the value of the integral je-ﬂf (t+ 2)dt. [ Nov ’15 ](R13)
W.K.T, X8 (t-t,)dt=x(t,) ~f e+ 2)dt=e at =2

et (t+2dt=e

12) Give the relation between continuous time unit impulse function f(t), step function
u(t) & ramp function r(t). [ Nov’15](R13)

Continuous-time unit impulse and unit step functions:

0, t<0 T
u(t) = . and 8(t) = lim 6a(t) where da(t) = u(t) — u( )

; &0 0 A
d
& r(t) = t.u(t). Aiso, r(t) =[u@dt=t &  UO= Cltr(t)
13) Given x(n) ={1,2,3,-4,6}; Plot the signal x(n-1). [ Nov’15 ]

x(n-1) is x(n) delayed by one sample. i.e., x(n-1) ={0,1,2,3,-4,6}

g =1 S
=
2
1
L .
0] 1 =2 3 4 5
-4
14) Define Power signal. [ Nov’15]
For a signal x(t) or x(n), if power is finitei.e., 0<P<«~ & energy is infinite i.e., E=«;

then, that signal is called an Power Signal.
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15) Represent x(n)={1,-4,3,1,5,2} in terms of weighted shifted impulse functions.
[ May '14 ]

x(n) Zi‘x(k) S(n—k) =1.0(n)-4.5(n-1) +3.6(n-2) +1.5(n-3) +5.5(n-4) +2.5(n-5)
16) Define a random signal [ May ’15](R13)

signal not defined by mathematical equation and arise random in nature . Eg noise

17) Define signal. [ May ’15]

A signal is a physical quantity that varies with time, space or any other independent
variable or variables.

18) What is meant by stability of a system? [ May 15 ]

A system is said to be stable if a bounded input sequence always produces a
bounded output sequence.

For an LTI-CT system to be Stable, J'|h(t)|dt - oo .

t+1, .
19) Sketch the following signals : rect(T), 5 ramp(0.1t) [ May '16 ](R13)
rect ( tr 1) ;' 5 ramp(0.1t)
4
t+1
() rect (-~ ) = 7 (0.25t + 0.25)
4
- 025+ 0.25
s 7 (8 :r(tt025) x( “ )
. Time-Shifting Time-Scaling
:t — t - t
05 0 05 -0.75 0 025 3 0 1
(i) 5ramp(0.1t) = 5 r(t/10)
r(t)
W.K.T, r(t)=t; fort=0
0;fort=<0
>t

0
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Amplitude Scaling Time Scaling

5 T(t) }"(2,10) 5 rft/lD}
Z 10

(20,10
5 < (1,5) ( !
a
3 > ="(10,5)
2
1

012 3 456 t 0 10 20 T
20) Given g(n) =2e>°. Write out & simplify the functions. [ May ’16 |(R13)

n
i) g@-n (i) 9, +4)

) 92-n)=9g(-n+2)
Time-Shifting : g(n +2) =2e ™22  =2e*e*e’=2e".e"’

-7

Time-Reversal : g(2-n)=g(-n+2) =2e".e".e’=2e"e¢
- n
(i) 9(—+4)= g(0.1n + 4)

10

Time-Shifting : g(n + 4) =2e "3 =2e g% e°=2e ™

Time-Reversal : g(0.1n+4) =2 e?® e*=2e"" ™

21) Check whether the DT signal sin3n is periodic. [ May *16 ]

N=2pi*n/w = 2*pi*n/3 not a ratio of interger hence not periodic

[ May *16 ]
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UNIT 1 CLASSIFICATION OF SIGNALS AND SYSTEMS
PART B

Q.1 Sketchx(t) =3r(t—1) +r(—t+ 2)
Draw time reversal signal of unit step signal Solution: u(n) =1; n=0

x(t)

x()=3r(t—-1)+r(-t+2)

—0+4—t for—2<t<-1 ':————
=04+3—-tfor—1<t<0 ; |
=0+2—-tfor0<t<1 - — -+ |
=3t+1—tforl<t<2 5 | |
=34+3t+0for2<t<3 — 4 N
=6+3t+0for3<t<4 | i__ | |
and so on | I AN
1 | | | 1
-2 -10 1 2 3 4.. ¢t
Fig 1.163
ufn) u(-n)
1111 L1
n ... -4-3-2-1 @ n
123 4.,
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Q.2.Check whether the following is periodic or not. If periodic, determine fundamental time

a. x(t) =2 cos(5t + 1) — sin(4t)
period Here , =5, O, = 4

T 21'[_21'[_21'[
170, 5 " 5
T 21'[_21'[_1'[
270, 4 2
21
n T 4
— = — = — (Itis rational number)
T, > 5

Hence x(t) is periodic
T:5T1 :4T2 =27
~ x(t) is periodic with period 21

b. x(n) = 3cos4nn + 2sinnn
Here w; =4m, wy; =1
21Tm 21Tm m

N, =—— = =
! w1 4n 2

Ny =1 (takingm = 2)

2mm  2mm

2 = = m

(V) o

N, = 2 (takingm = 1)
N=LCM(1,2) =2

Hence x(n) - x(n) is periodic with period 2

Q3. Determine whether the signals are energy or power signal

x(t) = e‘3tu(t)

T—

—6t
EnergyE., = Jim f|x(t)|2dt— llmf|e_3t 24t = hmf ~6t gt = Jim [e 6]
0

—<oo e =0e%=1

= lim [
T—oo
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T T T
1 1 1
i 200 _ i —3t12 95 _ —6t
Power P, = 1T1_r)r3)0 TR |x(t)|~dt Th_)rglo Ta le™>t|4dt = Th_r)go Tf dt
-T 0 0
o6t T 1 [e=6T -0 1
_ . — 1 _ — L = - pT® — -0 — R
Mmoo —6]0 mor | =e T Te| T A aT [6] 0 ¢ O e =12=0

Since energy value is finite and average power is zero, the given signal is an energy signal.

Q.4. Determine whether the signals are energy or power signal

x(n) = (ﬂn+121)
N
T m 2
Energy E,, = lim Z lx(n)|? = Jim Z |e’( 2)| = lim 12 = Jim 2N +1 = co
n——N n——N n=—N
v |e/@n+0)| =1 and Z 1=2N+1
n=—N
N N
- n'n +7 2
Average power P, 11_r)r01o N T Z [x(n)| 1\1{1_1)‘{)102 Z *2 |
_N =
Z ! N+ 1) =1
2N+ 4 AT B

Since energy value is infinite and average power is finite, the given signal is power signal
Q.5.Determine whether the following systems are linear or not

2O+ ty(0) = 2*(®)

Output due to welghted sum of inputs:

O L7 OL 0y, 6) 4 a0 = a0 + baOF . 1)

Weighted sum of outputs:
For input x; (¢t):
dy:(t)
dt

+ ty, (t) = x,2(¢) ... (2)

For input x, (t):
d
y;t(t) +ty, () = x%(0) ... (3)

dy,(t) dy,(t)
It +aty;(t) + b 1t

2)xa+@B)xb=>a + bty, (t) = ax;2(t) + bx,2(t) ... (4)

COEC))

The given system is Non-Linear
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Q.6.Determine whether the following systems are linear or not y n. = x n — 2. + x(n?)

Output due to weighted sum of inputs:

ys(n) = ax;(n — 2) + bx,(n — 2) + ax; (n?) + bx,(n?)
Weighted sum of outputs:
For input x; (n):
y1(n) = x;(n— 2) + x;(n?)
For input x; (n):
y2(n) = xp(n — 2) + x,(n?)
ay;(n) + by,(n) = ax;(n — 2) + ax;(n?) + bx,(n — 2) + bx,(n?)
wy3(n) = ay;(n) + by,(n)

Determine whether the following systems are static or dynamic y t. = x 2t. + 2x t.

y(0) = x(0) + 2x(0) = presentinputs
y(—=1) = x(—=2) + 2x(—1) > past and presentinputs
y(1) = x(2) + 2x(1) = future and present inputs
Since output depends on past and future inputs the given system is dynamic system

Determine whether the following systems are static or dynamic
y(n) = sinx(n)
y(0) = sinx(0) = presentinput
y(—1) = sinx(—1) = presentinput
y(1) = sinx(1) = presentinput
Since output depends on present input the given system is Static system

Q.7.Determine whether the following systems are time invariant or not y(t) = x(¢t)sinwt
Output due to input delayed by T seconds

y(t,T)=x(t —T)sinwt
Output delayed by T seconds
yt—-T)=x(t—-T)sinw(t—T)
wy@ET)# yt—T)
The given system is time variant
Determine whether the following systems are time invariant or not
y(n) =x(-n+2)
Output due to input delayed by k seconds
y(n, k) =x(—n+2—k)
Output delayed by k seconds
yin—k)=x(—(n—k)+2)=x(—n+k+2)
v y(n k) # y(n— k)
The given system is time variant
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Q8 Determine whether the following systems are causal or not

_dx()
y() === +2x()

The given equation is differential equation and the output depends on past input. Hence the
given system is Causal

Determine whether the following systems are causal or not
y(n) = sinx(n)
y(0) = sinx(0) = presentinput
y(—1) = sinx(—1) = presentinput
y(1) = sinx(1) = presentinput
Since output depends on present input the given system is Causal system

Determine whether the following systems are stable or not

h(t) = e *u(t)

[ee]

Condition for stability |h(t)|dT < o0

—00
[ee] [ee] [ee]

—471%®

h@ldr= I dr = [ e~rar = [6_4]0 1

—00 —00 0
<)

|h(t)|dt < oo the given system is stable

Determine whether the following systems are stable or not y n. = 3x(n)

Let x(n) = §(n),y(n) = h(n)
= h(n) = 38(n)

Condition for stability Z |h(k)| < o

k=—c0

i |h(K)| = il%‘(m = i 36(k) = 3
= k=0 =0

“6(k)=0fork+0 and §(k) =1fork =0

Z |h(k)| < oo the given system is stable

k=—o0
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10 Determine and sketch even and odd part of the signal x(t)

x(—t)
x(t)
2 2
1 1
0 1 2 3t -3 -2 -1 0t
Fig: 1.82 Fig: 1.83
X(t) + x{—t
(t) +x(-t) x(t) — x(=1t)
2
1
3 -2 -1 0 1 2 3t B -2 1 1 2 31t
-1
-2
Fig: 1.84 Fin: 1.85
Xo(t
X (t)

46
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UNIT II

PART A

UNIT 11 : ANALYSIS OF CONTINUOUS TIME SIGNALS
1) Draw the single sided spectrum for x(t)=7 + 10cos[40Trt+ 17/2]. [ Nov 11 ]

Expanding x(t) into complex sinusoid pairs,

10 j (2720t +x/ 2)_|_ 10 e—j(27r.20t +7l2)

X(t)=7+— ¢
(t) ; 3

The freq pairs that define the two-sided line spectrum are { (0,7), (20,5ei™?), (20,5e1™2) }

e

_‘E’Ozaﬁ
7R .
6 _l|=|a,|
g s 2
5 4
o
= 3
2
1
Q
o 20

2) What are the LTs of &(t) & u(t)?

LTBM]=1 &  LTu®]=1/s

3) Give synthesis & analysis equations of CTFT.

Analysis equation of CTFT

CTFTIx(t] = X(Q) = [x(e ™dt
Synthesis equation of CTFT

Inv CTFT[X(jQ)] = x(t) = 2_17zj X (jQ)e'dQ
4) Define the region of convergence of the LT.

W.K.T, LT[x(t)] = X(s) exists if }\X(t)eor \ <o,

converges is known as ROC.
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5) State Dirichlet’s conditions. [ Nov’13]

The Fourier Transform does not exist for all periodic functions. The conditions for x(t)
to have FT are; (i) x(t) is absolutely integrable over (-~,«) i.e.,

J'|x(t)¢lt < oo (ii) X(t) has finite number of discontinuities & a finite number of maxima &
minima in every finite time interval.

6) Give the equation for Trignometric fourier series. [ Nov’13]
X(t) = 3, + Y _[a, cos(nQt) + b, sin(NQ,t)]
n=1

7) State the convergence of Fourier series rep’n of CT periodic sigs. [ Nov’14](R13)

Most of the results presented for 2 -periodic functions extend easily to functions 2L-
periodic functions. So we only discuss the case of 2@ -periodic functions.

Definition. The function f(x) defined on [a,b], is said to be piecewise continuous if and
only if, there exits a partition {xi1, X2,... xn} Of [a,b] such that

(i) f(x) is continuous on [a,b] except may be for the points x;,
(il) The right-limit and left-limit of f(x) at the points x; exist.

8) Find the ROC of the LT of x(t) = u(t). [ Nov 14 ](R13)

[x(edt = [ut)e *dt = f et = 1/s
0

ROC: o=Re[s] >0
9) What is the relation between Fourier Transform & Laplace Transform? [ Nov '14 ]
X(jQ)=X(s) at s=jQ j x(hedt at  s=jQ = f x(t)e dt

10) State Dirichlets conditions. [ Nov’14]
Finite maxima,minima
absolutely integrable
minimum discontinuity [ Nov ’15 J(R13)

12) Give the relation between Fourier Transform & Laplace Transform.[ Nov ’15 ](R13)
X(k)= X(s)/when s=jw w
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13) Obtain the fourier series coefficients for x(n)=sinwon.

jkeon.
X[n]= Zak e where, &y = ex
K=(N) N

1 i*n 1 j3Fyn
X[n]:—.eJ N T —€ n?
2] 2]
Comparin% with the definition, we see that, the fourier series coefficients are
1
a,= St T T =
1 2 J 1 2 j
14) State the initial & final value theorems of LTs. [ May ’11 ]

* Initial value theorem:

.I.'I::D:] = lE‘n SXL':S)
s Final value theorem:
I(OO:I = lin% SX{S}
15) Define Nyquist rate. [ May '12]
The min rate at which a signal can be sampled & still be reconstructed from its

samples is called the Nyquist rate. It is always equal to 2fm, where fm is the max freq
component present in the signal.

16) Determine the Fourier series coefficients for the signal costrt. [ May ’12 ]

The complex Exponential Fourier series representation of a periodic signal with
fundamental period Tois given by,

N

= : 7T
x(t) = zckejkw‘)t ; where o= 5~
k=—o0ol[10

To evaluate the complex Fourier coefficients of costrt, we can use Euler’s formula.

i.e., coszmt = 1 (e’™ 4 e ™) = Leim 1 gim
2 2 2
. . l jr :l
Comparing with the formula, we get C; = 5 e = 5 &
C—l — l e iz —_ __:L
2 2
17) Determine the LT of the signal 8(t-5) & u(t-5). [ May '12 ]

Using time-shifting property, LT[x(t— z)] =€ **X (s)
() LT[S(t-5)]=¢" L LT[S@®)]=X(s)=1

5 1

e

(i) LT[u(t - 5)] = LT =X () = -

S
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18) State the Time-Scaling property of LT. [ May '13 ]

LTx(@n] =2 X ()

a a
19) What is the FT of a DC signal of amplitude 1? [ May 13 ]
1 1
FT[1] = 23(Q) - FIo(@Q)]=
2r
20) State the conditions for convergence of fourier series. [ May ’14 ]
Refer Q.No.7 ; Nov 2014(R13)
21) State any 2 properties of ROC of LT X(s) of a signal x(t). [ May ’14 ]
. 1 S
(i) LT[x(t— 7)] =& X (5) (i) LTx(at)] =—X (=)

a a

22) Find the Fourier coefficients of x(t)=1+sin2wt+2cos2wt+cos[3wt+1/3).
[ May’15 ](R13)
Expanding x(t) in terms of complex exponentials,

_ _ 1, _ 1, _
X(t) _ 1+%(6120)0t _e—120)0t)_|_ 2. (EJZwot +e—12a)0t)+_(ej[3a)ot+7r/3] Le J[3a)ot+7r/3])
J 2 2
Collecting terms we get,
X(t) 1+ (1+ i)e j2w0t+ (1_ i)eijwot_F (1—8 j(7r/3))ej3a)ot+ (Eefj(fr/3))efj3a)ot
2] 2] 2 2

Thus, the Fourier coefficients are, co=1, c1=1 + 1_ =1 —_1j , Cca=1 —i =1 +_1j :

2] 2 2] 2

szle(j”/“): E(l‘i‘j) ,C-2= le_(j”/"): E(l—])
2 4 2 4

23) Draw the spectrum of a CT rectangular pulse. [ May ’15 ](R13)

The spectrum of a CT rectangular pulse is a sinc function.
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24) Given x(t)=5(t);find X(s) & X(w). [ May ’15] (R13)
X (s)=LT[x()]=1 & X () = FT[x(t)] =1

25) State the relationship between FT & LT. [ May ’15]
Refer Q.No0.9 ; Nov 2014

26) Find the fourier series coefficients of the signal x(t)=sinwt. [ May ’15 ]

1 1
Refer Q.N0.10 ; May 2015(R13), wegetci= - &  C1= Y
j j

27) What is the inverse Fourier Transform of (i) e '*™ (i) 5(f-f,) [ May ’16 ]J(R13)

1 N\ a0t
0) X(t) = 27[-[ X (jQQ)e"dQ

X(t) = & [ 1'd0) = o
2w

1 L\l
(ii) x(t)_zﬂJX(jQ)e dQ

X(t) = L ot 4oy = L g o 4 _ 1 jox
——[5(Q-0)eda= ~e (or) F'228Q - Q)] = ——=
2r 27 27

28) Give the Laplace Transform of x(t) = 3e ?u(t) — 2e”'u(t) with ROC. [May ’16] (R13)

X (5= = : ROC: o> -1 cL[eu] ==

s+2 s+1 S+a

219) petermine the LT of the signal 5(t-5) & u(t-5).
(e*-5s) & (e™-5s)is

[ May *16 ]
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UNIT II CONTINUOUS TIME SIGNAL ANALYSIS

PART B
Q1 Find the trigonometric Fourier series for the periodic signal x(t) as shown in Figure
Ax(t) A
4 | x(t)
- 3 B T p It B 5 7 5 % | >
i K] ~1 [0 |1 30t
<1 —> -1 J

Solution:
T=3-(-D)=4andQy="="
Evaluation of a

1 to+T 1 1 3
a = x(t)dt:Z[flldt+fl_1dt]:

to

1 5 1
2L = 1063 = [ - (~1) - 3 - D)

[2-2]=0

.MH

Evaluation of a,,

2 to+r 1

2
a, =z x(t) cosnfyt dt :ZU

to -1

3
cosnfdyt dt +f (—1)cosnfyt dt]
1

. 1 . 3
1 “sinn!)ot]l [sinn!)otr] 1 [Slnn%t [smn%t
2 Tl.QO -1 n.QO 1 2 n% n% .
1,2 T T s I8
= E(E) [sinnz — (sinnz(—l)) — (sinnE(S) — sinnz)]
_[1“. TL’+. T _37T+_ n]_ [3.1171 in(2 nn]
= smn2 smn2 sin n2 smn2 = sin 5 sin(2nm 2)
. T 4 1 T
= [ sm——( smnz)] =E[Sll’ln2]
Evaluation of b,,
to+T 2 1 3
b, == x (t) sinnQptdt = — [f sinn.()otdt+f —sinn.()otdt]
T to 4 [J 1
[ 1 3 — T T
1 [—cos n.QOt] [—cos n.()ot] ] 1 [ cosn—t N cosn- t]
2 n.QO -1 Tl.QO 1 2 n% . Tl% .
112 T 2 T T
=5 (cosnz —cosn— ( 1)) — (cosnz (3) — cos nz)]
1r 2 nr I8 1 T T
= > _O + E(cos (Znn —7) - cosnz)] = [E(cos nE— cosnz)] =0

Trigonometric Fourier series

x(t) =ap+ Z a, cos nfdyt + Z b, sinnfyt

(o)

5:4 .Qt—z4 .(mr) nt
— 1n cosn ot = mTsm > cosn2

n=1 n=1
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Q.2 Obtain Fourier series of the following full wave rectified sine wave shown in figure

/\A%

-2 -1 1 1 2 t

Solution:

v

x(t) = x(—t); - Givensignal is even signal,so b, = 0
2m
T =1andQ, =T=2n

The given signal is sinusoidal signal, - x(t) = A sin Qt

H Q_Zn_Zn_ dA=1
ere =g =75 =™ andA=

~ x(t) = sinmt
Evaluation of a

T l [ 1
2
2 2 | | cosnt% 2 T 2
ay = fo(t)dt——fx(t)dt=|2fsmnt dtl—Z[ ] =——[COSE—COSO =—
5 l 5 T 0 s

Evaluation of a,,
T 1
2 2

2
4 4
= —f x(t) cosnQyt dt = If sinmt cos n2mt dt = 2 f[sin((l + 2n)mt) + sin((1 — 2n)wt)] dt
0

an
T
’ 1
cos((l + 2n)mt) cos((1 — 2n)mt)]?
1+2n)m 1-2mr |
2| cos ((1 + 2n) ) cos ((1 —2n) E) 1 1
==|- 2+ +
T 14+2n 1—-2n 1+2n 1-2n
B N 1 ]_2[1—2n+1+2n]_ 4
mli+2n 1-2nl n 1 — 4n? (1 - 4n?)

Trigonometric Fourier series

x(t) = ay + Z a, cosnflyt + Z b, sinnfyt

sx(t) = + Z n(l cos n2mt

2.3 Exponential Fourier series
The exponential form of Fourier series of a periodic signal x(t) with period T is defined as,

oo

x(t) = Z c, e/n ot

n=—oo

The Fourier coefficient c, can be evaluated using the following formulae

1
Ch =

t —]Tlﬂotdt
T x(t)e

|
o= |~
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Q.3 Find exponential series for the signal shown in figure

Solution:
=10 ==="=2n
Consider the equatlon of a straight line
Yon 7Aoo . (9)
Ya—Y1 X2—X1
Consider one period of the given signal Fig 2.26 as shown in Fig 2.27
Consider points P,Q as shown in fig 2.27
Coordinates of point P = [0,0]
Coordinates of point Q = [1,1]
On substituting the coordinates of points P and Q in eq (9)
x(t)—0 t—0
1-0 1-0
[ x=1ty=x(t)]

=>x(t) =t

Evaluation of ¢

2 1
o =lf x()dt =~ f(t)dt _[t_] =%
0

Evaluation of c,,
1

1 T ' 1 _ —]nZnt 1 —]n27rt
Cp = ff x(t)enPotdt = If te /et ge = [ ] f
0 0

—jn2n —]n27r
e—jnZﬂ e—jnZnt 1 'e—]n27r e—]nZn 1
C —jn2m O+ [—jz(nZH)ZL ) Ton * n24m?  n?4m?
_ j 4 1 3 1 _ j
n2wr  n?4mn? n?4n? n2n
o=t
. . . "on2m . .
=2, =L, =L, =1, ,=2L , =L
21 4n 6r —2m —4m —61

Exponential Fourier series

x(t) = Z c, e/m ot

n=—oo
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i i J - 1 j j
. t) =+ —— jérmt __ 2 j4mt __ ]27'L't + -+ j2mt + = ]4—7‘[[ + jort + ..
x(t) o’ 4 © 2 272 Tan 6’

=1 L[ejzm _ —]2nt]+ [e]4nt _ —]4nt]+ [e]6nt _e—j6m]+,”
2 2

1 1 ejZnt _ e—]ZTft 1 e]4r[t _ e—]4n’t 1 e]6n’t _ e—j6n’t

|t =t = |——

2 n[ (-1)2j ] Zn[ (-1)2j ] 31'[[ (-1)2j ]

1

27

1
( ) sin 2wt — — sm 4mt — —sin 6mt
3
1
2

1 1
— [sm 2nt + =sin4mnt + =sin 6mt + - ]
T 2 3

2.4 Cosine Fourier series

Cosine representation of x(t) is

x(t) =49 + z A,cos (npt + 6,)
n=1
Where A, is dc component, 4,, is harmonic amplitude or spectral amplitude and 8,, is phase
coefficient or phase angle or spectral angle

Q4 Determine the cosine Fourier series of the signal shown in Figure
x(t
-2n It 1 Tt 2n 3n t
Solution:

The signal shown in is periodic with period T = 2m and Qy = ;—: =1

The given signal is sinusoidal signal, - x(t) = Asin Qt

H Q_Zn_Zn_l A=1
ere d=--=-—=1 A=
~ x(t) = sint

Evaluation of a
—1jTtdt—1fﬂ'tdt—1[ 1:]’7—1 + 0—12—1
aO—TOx() —Znosm =5—-|-cos _27r[ cosm + cos ]_271[]_71

Evaluation of a,,
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an=E Tx(t)cosn.(lotclt=i 7Tsint cosntdt:i 7T[sin(l+n)t+$in(1—n)t]dt
T , 2 2
1 cos(1 +n)t cos(1—n)t]"
‘%[_ 1+n)  (A-n) L
1 cos(1+n)r cos(1—n)m 1 1
ol 1+n)  (1-n) +1+n+1—n
1 1 1 1 1
forn = odd: anzﬁ[_1+n_1—n+1+n+1—n]=0
1 1 1 1 1 1 2 2
formn = even: a”=§[1+n+1—n+1+n+1—n]=E(1+n+1—n)
1 l—-n+1+n 2
=;[ 1—n? ]zn(l—nz)
0 forn = odd
"0 = ﬁ for n = even
Evaluation of b,,
2 T 2 T 1 7
b, =7 . x(t) sinnQyt dt=§ . sint sinnt dt=§ . (cos(1 —n)t —cos(1 +n)t) dt
1 sin(1 =n)t  sin(l +n)t]" 1 sin(ll —n)r sin(l+n)w B
T2l 1-n)  (1+n) L_E (1-n)  (1+n) —0]=0

Evaluation of Fourier coefficients of Cosine Fourier series from Trigonometric Fourier series:

1
A0=a0=;
2 2 z
A, = |a,*+ b, =m,forn=even
b
9n=—tan_1a—n =0

Cosine Fourier series

x(t) = Ag + Z A, cos(nQpt+6,)

n=1
1. % 2 12 2
.-x(t) —E+ nz=1 mCOSTLt —E+mCOSZt+mCOS4t+“'
(n=even)
1 2 2 1 21 1
=;—§0052t—ﬁcos4t+---=;—;[§COSZt+Ecos4t+--~ ]
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Fourier transform
The Fourier representation of periodic signals has been extended to non-periodic signals by
letting the fundamental period T tend to infinity and this Fourier method of representing non-
periodic signals as a function of frequency is called Fourier transform.
The Fourier transform (FT) of Continuous time signals is called Continuous Time Fourier
Transform
Let x(t) = Continuous time signal
X = F{x(t)}
The Fourier transform of continuous time signal, x(t) is defined as,

(o)

X(Q) = F{x(t)} = f x(t)e ¥ dt
Conditions for existence of Fourier transform
The Fourier transform x(t) exist if it satisfies the following Dirichlet condition
1. x(t) should be absolutely integrable

[ee]

ie , fx(t)dt < o

—00

2. x(t) should have a finite number of maxima and minima with in any finite interval.
3. x(t) should have a finite number of discontinuities with in any interval.

Definition of Inverse Fourier Transform
The inverse Fourier Transform of X(jQ) is defined as,

x(6) = F1X(Q)} = % f X(iQ)e/®do

Q5 Find Fourier transform of impulse signal
Solution:
By definition of Fourier transform

oo

Flx()} = X(jQ) = f ©(E)e—% dt

—00

~ F[5(D)] = f_oo s(t)e™ dt

F[§()] = 6(0)e™ 2© =1 [ Impulse signal §(t) = {1 fort= 0]

Ofort+0

Find Fourier transform of double sided exponential signal
Solution:
Double sided exponential signal is given by
—alt]] — e~ :t=>0
Fle™l {e“t <0

(o)

0 0o 0
Fle@ltl] = f e e Mgt +f e~ e Mgt = f e@= Mgy +.[ e~ (@t Mtgy
— 0 —0 0

_e(a—jﬂ)to N e—(a+jﬂ)t°°_ 1 N 1  a+j0+a—jN0

la-j0 . —(a+j.(2)0_a—j.(2 a+j0 a? + 0?
2a

Ca?+0?
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Q.6 Find Fourier transform of rectangular pulse function shown in figure
A0
A
-T/2 0 72t
Solution:
O=rt)=A4 —<t<-
) =nt)=4 ;-<t<y
T T T
F %A joe gy = g|€70F A el oty _2A M E-eT 24 T
t = - t = = — 2 — 2l==——m | = —¢j —
[ ()] 1 e Sial .- S e e’ 2] j!Z[ 5 = sings
2
2A T sinﬂg T
ZETSL'H.QE = AT _QZ ATSl'TlC.QE

2

Find inverse Fourier transform X (j 2) = §(2)
Solution:
= FUXG W] = F[8()]

[ee] [ee]

1 ) 1
= — j Jj ot = —
x(¢t) o ooX(] el tdn =

— —o0

F5()] = o=
2T

1 for2=0

o 1o _
5(n)e1”dn=§[1] : 5(!2)—{0fom¢0

2.6 Laplace transform
It is used to transform a time domain to complex frequency domain signal(s-domain)

Two Sided Laplace transform (or) Bilateral Laplace transform
Let x(t) be a continuous time signal defined for all values of t. Let X(S) be Laplace transform of

x(t).

oo

Lix(®)}=X(S) = x(t)e Stdt

—00

One sided Laplace transform (or) Unilateral Laplace transform
Let x(t) be a continuous time signal defined for t = 0 (ie If x(t) is causal) then,

oo

L{x()} = X(S) = f x(t)e Stdt

0

Inverse Laplace transform
The S-domain signal X(S) can be transformed to time domain signal x(t) by using inverse Laplace
transform.
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s=0+jQ

- () = L st
L YX(s)}=x() = 2] N X(S)et ds
s=o—j

Existence of Laplace transform
The necessary and sufficient conditions for the existence of Laplace transform are
e x(t) should be continuous in the given closed interval
e x(t)e ™’ mustbe absolutely intergrable
i.e.,X(S) exists only if Ix(t)e“’t |dt < oo

Q.7 Find unilateral Laplace transform for the following signals

i) x(t) = 8(t)

[ee] [ee]

— —st ¢+ — —stqy — o—s(0) — — 1 fort=0
X®) = x@ede= e de=e 1 8 ={y rort 2
ii) x(t) =u(t)
* * * e]” 1 1 fort=>0
_ —st 34 — —st 4 — —st J+ _ — =
X(©S) = . x(e stdt = . u(t)e stdt = . le™stdt = [ — L =3 u(t) {0 fort < 0
Find Laplace transform of xntd = e® u(t)
Solution:
< < e—(s—a)t * 1
X(S) = Lle®*u(t)] = f ete st dt = f =Dt gt = =
—(s—a) o, S—a
0 0
Q.8 Determine initial value and final value of the following signal X(§) = . (51+ 3
Solution:
Initial value
1 1
x(0) = Lt SX()=Lts——==—=0

s s(s+2) oo
Final value

(oo) = Lt SX(S) _S]__;)t Sm 2

2
Q9 Find inverse Laplace Transform of XnSd =%. Find ROC for i) Re(s) > 0
ii) Re(s) < —4 iii) —2 > Re(s) > —4
Solution:
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C

S2+95+1 S?+95+1 A

X(S)=S[52+65+8]=5(5+4)(5+2)=§+(5+4)+(s+2)
S2+9S+1=A(S+4)(S +2) +BS(S +2) +CS(S + 4)

S=—4 S=-=2

5 19 c—13

-8 T4
19 E

1
) _ 8, 8 4
"X(S)_S+(s+4)+(s+2)

Applying inverse Laplace transform

ROC

x(t) = %u(t) — %e““u(t) + T3e_2tu(t)

i) Re(s) >0

ROC lies right side of all poles
1 19
. — _ —4t -2t
« x(t) 8u(t) 3 e *tu(t) + 7 ¢ u(t)

ii) Re(s) < —4

ROC lies left side of all poles
1 19 13
. - T S At () 22 =2t
s x(t) = 8u( t) + 8e u(—t) 46 u(—t)

iii) —2 > Re(s) > —4
ROC lies left side of poles s=-2, s=0 and right side of

i pole s=-4
1 19 13
—e*y(t) — Te_z'tu(—t)

~x(t) = —gu(—t) ~3
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UNIT I

PART A

UNIT 11 LINEAR TIME INVARIANT- CONTINUOUS TIME SYSTEMS

1) Given the system impulse response h(t); state the conditions for causality &
stability. [ Nov’11]

For an LTI-CT system to be causal, h(t) =0 for t < 0.
For an LTI-CT system to be Stable, J‘ h(t)dt < oo .

2) Define the freq response of the CT system. [ Nov’11]

The response of a CT system to a complex sinusoidal signal gives the freq response
of the CT system.

ie., y(t) =Aexh(t); DTFT[y()]=[Ae' xh(t)] i.e.Y (jQ)=X (jH (jQ)
Here, H(jQ) is the freq response of the CT system.

3) List & draw the basic elements for the block diagram rep’n of CT system. [ Nov ’12]

(i) Summer (iii) Transfer Function
Xi(s) :
X,(s) ‘ ¥(5) s b A m - Y(s) =X(s)H(s)
X,(s) —
(i) Gain Transfer Function of an Integrator is given by ¥ (s) = Xis)
X(s) a  Y(s)=aX(s) Xs) T r)-% i‘)

4) Check the causality of the system with impulse response h(t) = etu(t). [ Nov’12]
For an LTI-CT system to be causal, h(t) =0 fort < 0.
Here, h(t) = etu(t) = 0 for t < 0. Hence, Causal system.
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5) What are the 3 elementary operations in block diagram rep’n of CT s/m? [ Nov '13 ]

Adder, Delay, multiplier
6) Check whether the causal system with H (s):é is stable. [ Nov’13]

Here, h(t) = e®u(t). Since h(t) = 0 for t < 0, it is a Stable system.

d
7) Draw the block diagram of the LTI system ay(t) +y(t) = 0.1x(1). [ Nov ’14 ](R13)

Taking LT, X(s) o

SY(s)+Y(5) = 0.1X(s)

0.1
_ ¥i) 01 g
e, HiS) = x(s) s+1 |1
5 -1 0.1 Y(s)
8) List the properties of Convolution Integral. [ Nov’14 ]

() Commutative Property : X, (t) * X, (t) = X, (t) * X, (t)
(i) Associative Property : X, (t) *[X, (t) * X5 (t)] = [X, (t) * X, (1)] * X5 (t)
(i) Distributive Property : X, (t) *[X, (t) + X5 (t)] = [X, (t) * X, ()] + [X, (t) * x5 (t)]

9) State the significance of Impulse Response. [ Nov’14 ]

An impulse response refers to the reaction of any dynamic system in response
to some external change. In both cases, the impulse response describes the reaction of the
system as a function of time.

Since the impulse function contains all frequencies, the impulse response defines the
response of a linear time-invariant system for all frequencies.

10) What is u(t-2) = 5(t— 1) ? where = represents Convolution? [ Nov ’15 J(R13)
u(t-2) * §(t-1) = [5(t-1)dt=0
2
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11) Given the differential equation representation of a system

3_22 y(t) + Zi y(t) — 3y(t) = 2x(t). Find the Freqresponse H(jQ). [ Nov’15] (R13)
t dt
Taking CTFT, (1Q)? Y(jQ+2jQY(Q)-3Y(jQ) =  X(Q)

H(o)="UD 2

X(jQ) (jQP+2jQ-3
12) State the condition for LTI system to be causal & stable. [ Nov’15]
h(n)=0, n<0, depends on past and present values not future
13) Differentiate between natural response & forced response. [ Nov’15]

Natural Response is the system’s response to initial conditions with all external
forces set to zero. Voltage Sources as Short Circuits & Current Sources as Open Circuits.

Forced Response is the system’s response to an external stimulus with zero initial

conditions. In circuits, this would be the response of the circuit to external voltage current
source forcing function.

14)What is meant by impulse response of any system? [ May ’11 ]

If the input is impulseJi.e.,&(t) or 8(n)], then the Output or Response is Impulse
Response.i.e., y(t)=T[3(t)] for CT s/m & y(n)=T[&(n)] for DT s/m.

15) Define Convolution integral of CT systems. [ May 11 ]

The Convolution integral gives the output or response of a CT system which is the
Convolution of the input sequence[x(t)] & Impulse response[h(t)] sequence.

y(t) = x(t) * h(t) y(t) = [ x(z)h(t - 7)dz
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16) Find the differential eqn relating the i/p & o/p of a CT s/m rep’d by

4

H (jQ) =
(&) (jQ?*+8jQ+4

[ May ’14 ]

Vi) g

Given H (JQ) = = — :
X(jQ) (jQPF+8jQ+4

(IQ°Y (i) +8jQY (jQ) +4Y (jQ) =4X (jQ)

2 d
Taking Inv DTFT, % y(t) + 8& y(t) + 4 y(t) = 4x(t) is the differential eqn.

17) Find whether the following system whose impulse response given is causal &
stable. h(t) =e?u(t-1) [ May ’16 ]J(R13)

(i)Since h(t) = 0 for t<0, the given system is Causal.

o0

)
(i) For a Stable system, “h(t)ht <= I e 2t = e? o .. Stable System.

18) Realize the block diagram representing the system H (s)= il [ May ’16 [(R13)
S+

Divide Numerator & Denominator by s,
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UNIT III CONTINUOUS TIME LTI SYSTEM

PART-B

Q.1: Find the convolution by graphical method
_ 1 for 0<t<2 | _ 1 for 0<t<3
x(©) = 0 otherwise » h(D) 0 otherwise

Solution:

[ee)

In general xq(t) * x,(t) = f x1(D) x(t — 1) dt

Similarly h(t) * x(t) = f h(t) x(t — 1) dt

Replacing t by 7 in x(t)and h(t)

1 for 0<t<2 1 for 0<7t<3
x(7) = ; h(r) = .
Q) {0 otherwise Q) 0 otherwise
Mo @ N
1 1 1
i 3 % b 7 2 9 <
Fig 3.21 Fig 3.22 Fig 3.23
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Case ()t <0

hox(t-o)
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1E) Ao

1 1

b 2 2 d >
Fig 3.22 Fig 3.23

Since overlap is absent between r(r) and x(—7 + t)
~y@®)=h@®)*x()=0

v

t-2

t P
Fig 3.24

Case(i)0 <t <2

Case (iii)2 <t <3

hoxien

AN

%

Since overlap is present

[e9) t

Sy© =h(O) *x(©) = k(@) x(t — 1) dr = f (WD) dr = [l = ¢

t-2 t
Fig 3.25

hoxity

%

r,

Case(iv)3<t<5

»
»

t-2 t3
Fig 3.26

T

Mhox(to
"
A 7
r >
0 T2 3 t 1
Fig 3.27

Case(v)t>5

Mox(to)

—00 0

v

Since overlap is present
o]

sy =h@®)*x@®)= h@x(t-17)dr= | (D)D) dr=][r]i_,=2
2

—o0 t—

Since overlap is present

) 3

~y@) =h@)*xx@®) = h@x(E-1)dr= f(l)(l) dr = [t]?_,
—0o0 t—2
=5—¢

Since overlap is absent
~y(®)=h()*xx() =0

3 t-2
Fig 3.28

t

vy
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(0 for t<0
| t for 0<t<2
~y@) =h(@)*x(t) =4 2 for 2<t<3
5—t for 3<t<5
0 for t=>5
Q. 2: Find impulse response of the following equation
d’y()  _dy(®)
5 6y(t) =x(t
Solution:
d’y(®)  _dy(®)
5 6y(t) = x(t

Assume all the initial conditions are zero
Applying Laplace transform of the given equation
S2Y(S) + 55Y(S) + 6Y(S) = X(S)

Y(S)(S? + 55 + 6) = X(S)
Y(S 1

Transfer function H(S) = X©) . (52+5516)
H(S) = Y(S) = TissTe (*+ For impulse input x(t) = §(t) => X(5) = 1)
1 A B
H(S)_(S+3)(S+2)_S+3+S+2

1=A+2)+B(S+3)

ats =—3 §=-2

A=-1 B=1
. _ 1 1
~H(S) = —m*‘m

Applying Inverse Laplace transform
h(t) = —e 3tu(t) + e 2tu(t)

Q.3: Using Laplace transform solve differential equation

d2
O 1y = x)

Wherey (0) = 2; y(0) = 1; input x(t) = Cos2t
Solution:

d2
T ry® =x

Applying Laplace transform
S2Y(8) = Sy(0) =y (0) + Y (S) = X(S)

2 _C_ -
SPY(S) =S =2+Y(S) =57

~Y()(SP+1) = +5+2

S2+4
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S S 2
Y(S) = + +
) S2+)(S2+1)  (S2+1)  (S%2+1)
S AS+B CS+D

let s+ - 2+9 T2+ D
S=(AS+B)(S*+ 1) + (CS+ D)(S% + 4)
S =AS3+BS?+ AS+ B + CS3 + DS? + 4CS + 4D
Comparing constant term

0=B+4D
B =—4D (7
Comparing coeff of 53
0=A4+C
A=—C ..(8)
Comparing coeff of $?
0=B+D .(9)
Comparing coeff of S
1=A+4C ..(10)
Substitute eq (8) in eq (10) and eq (7) in eq (9)
1
C=-,D=0
3
Substitute value of C and D in eq (8) and eq (7)
1
A=—-——=,B=0
3
1 1
. J __"3° . 3%
TS24+ +1) (ST+4) (S2+1)
1 1
) =—3> 4 35 , S 2
C(SZ+4)  (ST+1) (ST+1) (SE+1)
1 4

) = TGS )

Taking Inverse Laplace transform

1 4
y@) =— ECOSZt u(t) + §cost u(t) + 2sint u(t)

Q.4: Find step response of the circuit shown in Fig 3.30
R
x(t t
(t) m L:[ y(t)
Fig 3.30
Solution:
Applying KVL to the circuit shown in Fig 3.30
(t) =Ri(t) + L dit) (t) =L dit)
M= dt YW =50

Applying Laplace transform
X(S) = RI(S) + LSI(S) Y(S) = LSI(S)
X(S) =[R+LS|I(S)
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1) = X($)
" [R+LS]
X(S)
Y§) =LS ———
) [R + LS]
1
For Step response x(t) = u(t) => X(§) = 3
1
V) =155 =L -1
-~ TR+LS LS+R (R
L
Applying Inverse Laplace transform
R
y(t) = e L'u(t)
Q.5: Solve the differential equation using Fourier transform
d’y(t) | dy(®)
92 +6 It + 8y(t) = 2x(t)
(1) Find the impulse response of the system
(ii) What is the response of the system if x(t) = te 2‘u(t)
Solution:
d’y() | dy(®)
152 +6 It + 8y(t) = 2x(t)
Applying Fourier transform
(GD2Y(Q) + 6jQY (jQ) + 8Y (jQ) = 2X(jQ)
YGO[()? + 6jQ + 8] = 2X(jQ)
. Y(jQ) 2
HGQ) =~ =—73 -
XGa) [(2)=+6jQ+ 8]
() Impulse response x(t) = 6(t) => X(Q) =1
2 A B

~ H(Q) = Y(jQ) =

= +
[(MD?2+6j0+8] ja+4 jo+2
2=A3GQ+2)+B(Q+4)

atjo = —4 jn=-2
=-1 B=1
_ -1 1
H(]Q)_jﬂ+4+jﬂ+2

Applying Inverse Fourier Transform
h(t) = —e *u(t) + e 2tu(t)

(ii) x(t) = te?tu(t)

1
XD = (O +2)2
Y(Q) 2
X(Q)  [(j2)? +6jQ+ 8]
L Y(Q) = 2 1 _ 2
“Y(R) = [GD2+6jQ+8] (jQ+2)? (Q+4)(Q+2)3
A B c D

Sia+a otz Gar2r  Gat2?
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atjQ) =—4 jN = -2
2 2
= ' d? |~ . Q4+ 2 3]
A= Garngar 2 Uty =t gL @ragar2r Yt
1 2! d(jQ)?
A=—- in=—2
4 N 1
4
j2 = -2 j = -2
d 2 (Q+2)° D= 2 (Q + 2)3
¢ = Q9 +2)° T o+ (e +2)3 0=z
() D=1
jn=-2
C=—-=
1 1 1
VG =y 2
ja+4 ja+ GQ+2)2 (a+2)3
Applying Inverse Fourier Transform
1 1 1 1
— 4t T2t _ -2t T p—2t42
y(t) 2€ u(t) + 2€ u(t) > € tu(t) + > € t“u(t)
Q.6: Find the direct form II structure of
553 — 452+ 115 -2
H(S) = iy 1
(s-3)(s2-5+3)
Solution:
55 — 452 +11S—2 553 — 48?4+ 115 -2
H(S) = T—— T 52 S 5 1
= 3_2" _ S _ =
(s-2)(s 5+2) ST-F oStttz
4 11 2
H(S) = 583 -4S2+11S5-2  S- 3t~ 33
- 53_5_‘5Q+£_1 _1_i+i_i
4 748 4S ' 45% 8S3
Direct form II structure
X(s) wis) 5 o Y(s)
[5 .
5/4 -4 t
=] 1
-3/4 v 11 b
1/8 -2
Fig 3.39
Q.7: Realize the system with following differential equation in direct form I
3 2
0 4 3204 52O 4 7y =2870 4 0480 4 o5x(r)

dt3
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Solution:

3 2
dd);gt)+3d y(t)+5dy(t)_|_ 7y(t) = zd "(t) + 04dx(t)+05x(t)

Taking Laplace transform

S3Y(S) + 352Y(S) + 55Y(S) + 7Y(S) = 252X (S) + 0.45X(S) + 0.5X(S)
Dividing both the side by 3

3 5 7 2 0.4 0.5
Y(S)+ = Y(S) + 5 Y (S) + zY(S) = X(S) + 5 X(S) + 3 X(S)

2 04 0 5 3 5 7
Y(S) = EX(S) + = X(S) + 7 X(5) ——Y(S) - Y(S) Y(S)

Direct form I structure

X(S) w(s) Y(s)
] &
BN
2 -3
N ®_<_
] .
0.4 )
— ) O
1/ 1/s
0.5 -7
Fig 3.42
Q.8: Realize the system with transfer function in cascade form
4(S2+4S+3
H(S) = ( )
§3+6.552+115+4
Solution:
H(S) = 4(S2+4S+3) 4SS+ 1DES+3) 4 S+1S+3
T 85346552 +11S+4 (S+05)(S+2)(S+4) S+05S+2'S+4
Hy (S)H, (S)Ha(S) = 4 S+1S5+3
e T e+ 05'S+2'S+4
4/g s+1 1+1/ S+3 143/
h) =505 1505 M) =533 =142 H) =53~ 144
Y; (S 4 Y,(S Y3(S
K _4 2 L1y ) 3y
wi(s) S W, (S) W3(S)
wi($) 1 Wy(S) 1 wi(S) 1
X1(5) 1+03_5 X2(8)  1+2/g X3(8)  1+%/
, , Y2(S) | g, : ¥5(S)
XI(S)—>G Wi(S) X LS)_> / Wa(S) M X L m Ws(S) .
|
4_Yi(S) -4 3
Fig 3.54 Fig 3.55 Fig 3.56
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Cascade form:

X(S) _>G
1/s
-0.5 4 m m s - N\ Y(S)
RN
22 1 -4 3
Fig 3.57
Q.9: Realize the following system in parallel form
S(S+2
H(S) = ( )
SE+DE+3)(ES+4)
Solution:
H(S) = S(S+2) A N B N C
T SH+DE+3)(S+4) S+1 S+3 S+4
SS5+2)=AE+3)S+4)+BE+DES+4H+CS+1)(S+3)
LetS= —1 LetS= -3 Let S= —4
—1(1) = A(2)(3) —3(-1) =B(=2)(1) —4(-2) =C(-3)(-1)
A= ! B = 3 C = 3
T 6 T2 K
_1 3 8
6 2 3

S+1 + S+3 + S+4
Parallel form structure
X(S) o

-1 -1/6
—

Y (S)
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UNIT IV

PART A

UNIT IV : ANALYSIS OF DISCRETE TIME SIGNALS

1) Define Sampling theorem.

2022-23

[ May ’11 ]

A band limited x(t) with X(jQ)=0 for |Q|> Q. is uniquely determined from its samples
x(nT), if the sampling freq fs 2 2fm where, fm: highest freq present in the signal.

2) What is ROC in Z-transforms?
Refer Q.No0.10 ; Nov 2014

3) Prove the Time-Shifting property of DTFT.

DTFT [x(n £ k)] =e***X (e )

Proof: DTFT[x(n - k)] = Zx(n —k)e " Let m=n-k i.e.,n=m+k

n

~ DTFT[x(n—Kk)] = >_x(m)e ™0 = g=i* 3 x(myg lom =€ "X (e))

4) List any 2 properties of ROC in Z-domain.

(i) The ROC does not contain any poles.
(i) The ROC must be a connected region.

5) Define DTFT & Inverse DTFT.

DTFT[x(n)] = X (') = 3 x(n)e "

n=-—o0

1 jw jon
Inv DTFT[X(e")] = - j X (e')e’

6) State the Convolution property of Z-transform.

[ May *11 ]

[ May ’12 ]

[ Nov 11 ]

[ Nov’12]

[ Nov '12 ]

z[x(n) *h(n)]= X (2)H (2) ...i.e., The Z-transform of the Convolution in the
time domain is equal to the Product of their Z-transforms in the freq domain.
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7) What is Aliasing? [ Nov’13]

E<Q

In the frequency spectrum of sampling theorem, if T n the successive freq replicas will

overlap & as a result, the frequency spectrum X(jQ) will not be recovered from the frequency
spectrum of TXs(jQ). The superimposition of high freq components on the low freq is known
as freq Aliasing.

8) Define unilateral & bilateral Z-Transform. [ Nov’13]
Unilateral Z-Transform : Z[x(n)] = X (z) = Zx(n)z*” (Causal Sequence)
n=0
-1
Z[x(N)] =X (2)= D>_x(n)z"  (Non-Causal Seq)

0

Bilateral Z-Transform :  Z[x(n)] =X (2)= Zx(n)z -

9) Find y(n)=x(n-1) *o(n - 2). [ Nov 14 ](R13)

W.K.T, y(n)=x(n)+h(n) ie., ¥Y(N)= > x(k)h(n —k)

Kk =0

2 y(n)=x(n-1)*o(n-2) = x(n-1) at n=2.

10)Find the DTFT of x(n) = 5(n) + 8(n —1). [ Nov ’14 ] (R13)

0

X(@©)=> x(ne in=>[s(n)+ S(n-1)]=1+e I

N=—0o0

11)State & Prove the time-folding property of z-transform. [ Nov’14] (R13)

ZIx(n-K)1 = >’ x(n —k)z "= D x(m)z ™=z*> x(m)z™"

n

=7*X (2)
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12) Write a note on ROC. [ Nov’14 ]

The values of ‘Z’ for which the summation Y_ x(n)z " converges is called the Region

k =

of Convergence(ROC).

13) State the need for Sampling. [ Nov’15](R13)

Sampling is a process of converting a continuous time signal to discrete time signal.
Sampling Theorem ; fs=2fm. where, fs :Sampling Frequency &fm :Maximum Signal Freq.

14) Find the z-transform & its associated ROC for x(n) ={1,-1,2,3,4}? [ Nov '15] (R13)

ROC: Entire Z-plane except at z = 0.

15) Define Z-transform. [ Nov’15]
X@) Y =xnyz™"

16) State the relation between DTFT & Z-transform. [ Nov’15]

DTFT[x(n)] = X (e'?) = X (2) at z=el®
ie., X(2)= Zx(n)z*“ atz=eiw= X(e'”)= Zx(n)e’ Jan
175tate the Final value theorem. [ May '12 ]

Final value theorem: I(DO) = lim (z-1)X(z)

z—1
18) Find the final value of the given signal X (z) = % [ May ’16 ](R13)
1+227+3z
1 72
Given X(2) = (on X@z)=__* .
A+2z7H@A+z7Y) (z+2)(z+1)

Here, (z-1)X(z) has a pole on the unit circle.

im(z—1)— b ()=
s lim( z 1)(z+2)(z+1) X(0) =0
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UNIT 4 DICSRETE TIME SIGNAL ANALYSIS

PART B

Q.1: Find Fourier transform of the following

i) x(n) =6(n)
ii) x(n) = un)

iii) x(n) = a"u(n)
Solution:
i) x(n) =46(n)
' 0 . S(n) _ {0, n+0
X(e*)=F{sm)} = S(n)e o =e0 =1 -, n=
n=-—oo
ii) x(n) =un)
X(e/) = Flu(m)} = u(me m = eTen _(0, n<o0
n=—oo n=0 u(n) = {1, n=0
_ 2w 1 1
=1+e7/® +e ¥ Foro0 =g 1+x+x2+---=1_x

iii) x(n) = a"u(n)

It is Right handed exponential signal

DMI COLLEGE OF ENGINEERING
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X(e/®) = Fla"u(n)} = au(n)eJen = aeJon

n=-—oo n=0
1

. . 2
=1+ae’® +(ae7® "+ too=——
1—ae“

Obtain DTFT of rectangular pulse

Q.2
x(n)—A’ 0<n<L-1
0, otherwise
Solution:
. . . 1— e JoL Nt 1—xN
X(e/?) = Ae /9N = Al—— n=
()= e =ali =
n=0
jm_L ﬁa)L ﬁa)L L
_ (e 2 2] sm— jo L-1) jo (L-1) sin%
X(ef‘") =A m ﬁw 2 = Ae 2 —=
(eT —e” 2j sm— sin—
Q.3 Find DTFT of x(n) = sin(n 6)u(n) Solution:
x(n) = sin(n 0)u(n)
. ° . elfn — 7o\ 1w <
X(eja)) — sin(n e)e—]wn — - eTien = _ z e](@—w)n _ e—](9+w)n
2j 2j
n=0 n=0 n=0
n=0
1 1 1 1(1—el0F0) 1 4 6-w)
- Z(l —el0-0) 71— e—j(9+‘“)) B Z( 1—2e7® cosO +e~2/® )

) e % sin O

T 1- 279 cos0 +e-2

1 2je 71 sin @
~2j\1—2e77® cosB + e~

4.4 Z-Transform

The Z-transform of discrete time signal x(n) is defined as

ZIx(n)] =XZ) = x(n)Z "

n=—oo

4.4.2 Inverse Z-transform

The inverse Z-transform of X(Z) is defined as
1
x(n) = Z71X(2)] = — jﬂ X))z laz
2mj 2

Find Z-transform of the following

i) x(n) =8(n)

ii) x(n) = u(n)
x(n) = —a"u(—n —1) and find ROC
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i) x(n) =46(n)

1forn=0
8(n) = 0forn+0
Z[s(m)] = Sz =727"=1
n=—oo
~Z[6m)] =1
(] ) [e] ) B . . ) ) .
Zlum)] = um)z = zh=1+z'+z2+z3 40 S A A
z z? z
n=-—oo n=0
o 1 Z
1l 1-z1 721
z
The above series convergence if [Z7!| < 1 i.e ROCis |Z| > 1
i)  x(n) =—-a"u(-n-1)
(o] [e%0) -1
X(2) = x(n)z™" = —a"u(-n—1)z™" = — atz ™"
n=x n=-—0 n=—oo
X(2Z)=- a "z" = —[a—1Z + (a‘lz)z + (a—12)3 +-]= _a—IZ[l +alz + (a—1Z)2 + o]
n=1
_ a”'z _ —a! [ z ]_ 1 _z
- [t-atz] —azll-az U 1-az' z-a

ROC: |a1Z| <1 = |Z| < |a|

Im(z)

Re(z)

Q.5: Obtain Inverse Z-Transform of
X(2) = T 7m +10_082_2 for ) |Z] > 0.4 ii)|Z] < 0.2 iii)0.2 < |Z| < 0.4
Solution:
1 Z?
XD =106z T+00822 ~ 22-06Z+008
X(Z) Z A B
7 (Z-02)(Z—-04 Z-02'7Z-0a
SR o vy A ye02 1 ‘ =z —on“ 0 yoa 2
o 1 2 X2) = -z, 2
7 Z-02  Z-04 Z-02 Z-04
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Applying inverse Z-transform
x(n) = —(0.2)"u(n) + 2(0.4)"u(n)

ROC: |Z] > 0.4
ROC lies outside of all poles. So both the terms
are causal

~x(n) = —(0.2)"u(n) + 2(0.4)"u(n)

ROC:|Z] < 0.2
ROC lies inside of all poles. So both the terms are

non-causal
~x(n) =(0.2)"u(-n—-1) — 2(0.4)"u(—n—-1)

ROC:
05< |zl <1
ROC lies inside of pole Z=0.4 and lies outside of
pole Z=0.2. So the term with pole Z=0.4 is non-
causal and the term with pole Z=0.2 is causal
~x(n) = —(0.2)"u(n) — 2(0.4)"u(-n—-1)

Z3

(Z+1)(Z2-1)?

Q.6 Find the inverse Z transform of X(Z) = Solution: using Cauchy residue method.

Z3
Z+1)(Z-1)>
x(n) = Residue of X(Z) Z" at pole (Z = —1)
+ Residue ofX(Z) Z" lat pole (Z = 1) with multiplicity 2

X(2) =

Z3(Z+1) - d[ z3Z-1)? .
M =Ging- 2t L, dzZ (Z+1)(Z—1)2]Z 1 ot
1 2(n+2)—1 1 2n+3
= (— Z) D"+ —(n 2 ) = <_Z) (=D un) + n4 u(n)
x(0)=1 x(1)=1 x(2) =2 x(3) =2

~x(n)=1{1,1,2,2,..}
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UNIT V
PART A

2022-23

UNIT V : LINEAR TIME INVARIANT-DISCRETE TIME SYSTEMS

1) Find the system response of x(n)=u(n) & h(n)=8(n)+ &(n-1).
y(n) = x(n) * h(n) i.e., y(n)=u(n) *[o(n) + o (n -1)]

y(n) =[u(n) * 5(n)]+[u(n) *6(n -1)] = u(n) +u(n-1)]

2) List the advantages of state variable representation of a system.

e It can be applied to non linear system.

e It can be applied to tile invariant systems.

e It can be applied to multiple input multiple output systems.
e Its gives idea about the internal state of the system.

3) Convolve the following 2 sequences. x(n)={1,1,1,1} & h(n)={3,2}.

hik)
- 3 2
= F s — K k
Yo = xR & x0 [ 5 ,
vin) = {3,5,5,5,2} 1 372
1 3 2
1 3_ 2
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4) A causal LTI system has impulse response h(n), for which the z-transform is

1 -1
H(z) = e . Is the system stable? Explain. [ Nov’12]

(1-0.5z 1)(1-0.252 %)

z2(z+1)

Converting H(z) into +ve powers of ‘'z, H (2) =
9 He@) P @ (z-0.5)(z-0.25)

Since the poles of H(z) i.e., z=0.5 & z=0.25 lie inside the unit circle, the system is stable.

5) Define Convolution sum with its equation. [ Nov’13]

0

y(n) = Zx(k)h(n - k). The Convolution sum (or) the Linear Convolution gives

=—00

the output or response of a DT system which is the Convolution of the input sequence &

Impulse response sequence.

6) Check whether the system with system function H(2) = . 1 +1 ; - with ROC
- -2z
2771
1 .
|2 <E is causal & stable. [ Nov’13]
(i) H(2)= 1 1052+ : 5 Taking Inv z-transform, one of the terms of h(n) = 2"u(n).
j— . Z j—

Since h(n) # 0 for n<0, it is a Non-Causal system.
(i)  One of the poles of H(z) is outside the unit circle. Hence, it is an Unstable system.

7) Give the impulse response of a linear time invariant system as h(n)=sin(1rn), check
whether the system is stable or not. [ Nov’14] (R13)

For a stable system, Z|h(n)|< w0 = Z h(n) | = _Z|Sin( m)=0 <,

.. The system is stable.
DMI COLLEGE OF ENGINEERING
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8) In terms of ROC, state the condition for an LTI-DT system to be causal & stable.
[ Nov’14](R13)
For an LTI-DT system to be causal, h(n) = 0 for n<0.

For an LTI-DT system to be Stable, > |h(n)| <.

N=—co

9) Write the nth order Difference Equation. [ Nov’14 ]

N M

y(n) =Y a.y(n—k)+ Y bx(n—k), where, ‘N’ is called the Order of the system.
k=1 k=0

10) Write the State Variable equations of a DT-LTI system. [ Nov’14 ]
Q(n+1) = A Q(n) + B x(n) & y(n) = C Q(n) + D x(n)
11) Distingush between Recursive & Non-recursive systems. [ Nov’15] (R13)

A Recursive system is one in which the output is dependent not only on its present
inputs, but also on past outputs.

A Non-Recursive system is one in which the output is dependent only on its present
inputs & not on past outputs.

12) Convolve the following signals, x(n) ={1,1,3} & h(n) = {1,-4,1}. [ Nov’15] (R13)

hik) =—

y(m) = ) x(k)h(n— k) -t
i—m x(k) | _
y(n) ={1,5,6,11,-3} i 1
3
13) List the 4 steps to obtain Convolution. [ Nov’15]
(HFolding h(k) ; h(-k)
(inshifting h(k) ; h(no-k)
(ii)Multiplication ; x(k) h(no-k)
(iv)Summation , y(n) = > x(k )h(n — k)
14) What is state transition matrix? [ Nov’15]

The state-transition matrix is used to find the solution to a general state-space
representation of a linear system.

State Variable equations : Q(n+1l) =AQ(n) + B x(n) State Equation
y(n) = C Q(n) + D x(n) X Output Equation
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150btain the Convolution of (i) x(n)*o(n) (i) x(n)*[h,(n) +h,(n)] [ May '11]

(i) x(n) = &(n)= x(n)
(it) x(n) *[h, (n) +h, (M] = [x(n) * h, ()] +[x(n) * h, ()]

16)/Vrite the difference equation for non-recursive system. [ May ’11 ]

Non-recursive system is FIR system.

N-1
The difference equation is y(n) = Zbk X(n — k) where, bk=h(k)=Impulse response samples

17Petermine the Convolution of x(n)={2,-1,3,2} & h(n)={1,-1,1,1}. [ May ’12 ]
hik)
2 -1 3 2
= k
vir) = Zx(ﬁ‘)h(u—ﬁ:) x(k) 1 2 1 3 2
v(n)={2,-3,6,0,0,5,2} A 2 Y32
Y 27173 2
1 27 -1 .73 72
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18Find the system function for y(n)= 0.5y(n-1)+x(n). [ May '12 ]
Taking z-transform, Y (z) = 0.5z 'Y (2) + X (2)

Y@ 1
X(@ 1-057"

~.System Function, H(2) =

19)s the DT s/m described by the difference equation y(n)=x(-n) causal? [ May ’13 ]

At n= -3, y(-3) = x(3) ; Since o/p depends on the future i/p, itis a Non-Causal s/m.
20)f X(w) is the DTFT of x(n), what is the DTFT of x(-n)? [ May '13 ]
FT[X(-n)] = D_x(-n)e ™" Letm =-n.

=2 XM =3 x(m)e M = X(ew)

21)Find the overall impulse response when 2 s/ms hi(n)=u(n) & hz2(n)= &(n)+ 25(n-1)
are in series. [ May *14 ]

Overall Impulse response = h,(n) * h,(n) = u(n) *[o(n) + 26 (n -1)]

= [u(n) * o(n)] + [u(n) * 26 (n -1)] = u(n) + 2u(n -1) = {1,3,3,3,3,.....}

22)Jsing z-transform, check whether the following system is stable. [ May ’14 ]
z 22 1
H(z) = +—; ROC:—<17<3
@ S 1723 o <f
2

The poles of H(z) are 0.5 & 3. Since, the pole z=3 is outside the circle, system is said
to be Unstable.

23) List the methods used for finding the Inverse Z-transform. [ May ’15] (R13)

Long division method(Power series expansion)
Partial fraction expansion method

Residue method

Convolution method
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24) Name the basic building blocks used in LTI/DT s/m block diagram. [ May ’15](R13)
(i)Multiplier

- (ii) Adder
X(z) - aX(z) X+(2)

(iii) Unit Delay element ’ Y(2) = X4(2) + XA2)
X X(2) -

25) Define stability in LTI system. [ May '15 ]
A system is said to be stable if a bounded input sequence always produces a

bounded output sequence. For an LTI-DT system to be Stable, Z|h(n)| <00 |

26) From Convolution sum, find the step response in terms of h(n). [ May 16 ](R13)
s(n) = x(n) *h(n) = u(n) *h(n) Here, x(n) =u(n)
s(n) = Y h(k For a Causal system, —Sh(k
2.0(k) s(n) = 2 h(K)
27) Define the non-recursive system. [ May ’16 ](R13)

A Non-Recursive system is one in which the output is dependent only on its present
inputs & not on past outputs.

28) A causal LTI system has impulse response h(n), for which the z-transform is

1+z7"
H(z) = i . Is the system stable? Explain. [ May ’16 ]
(1-0.527)(1-0.2527")

stable
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UNIT V -LTI SYSTEMS
PART -B
Q.1: Determine the frequency response and impulse response 1 1
——=yn—-1)—=y(n—-2) =x(n
Applying DTFT y(n) 63’( ) 6}’( ) =x(n)
. 1 . . 1 ) . )
Y(e/®) — ge‘f“’Y(ef“’) - ge‘zf‘”Y(eJ“’) =X(e/?®)
. ()0 = Y(el®) 1 B eje
requency response (e ) =X " ] Tote 1w ebo o %ef‘“ =
6 6
H(el®) el A B
el® el® —Zel® — 2 eJ® — 2 e]® 2
. _ . 1 . 1
el? =4 (ela’ +§) + B (ef‘" _E)
Atel® = -1 Atel® =1
=B(-i-Y , 8= 1= AG+Y 4=
3pjw 2w
jw) _ _5 5
H(e/?) = o _%"' efo +1
Applying inverse DTFT
how = 2(2) uem +2(-3)
n) = 3 u(n =73 u(n)
Q.2: Find response of system using DTFT
1\" 3\"
hw) = (3) w00 5 200 = () ut
Solution:
1 n 3 n
hw) = (3) w00 5 200 = () ut
Applying DTFT
. 1 . 1
jw) — . jw) —
H(e/?) [T X(el®) v
Y(e/®) = H(e™)X(e’)
. 1 1 el e/®
Y(e]w)z 1 i 3 . ] 1" 3
1—2ejo 1—z2e-jo /@ —2 gJ® —=
. 2 . 4 2
Y(el®) el __4 B
R O N LEE NS
. . 3 . 1
e = A(ef =3) + B (e —3)
Atel® =1
2

Atel® =3
4

N COREVES 1=BG-D  +B=3

v(el) -2
el T giw _

3 joy . —2e0¢  3el®
t o > YY) ==t

4

N =

e]w—i
4

N |-

Applying IDTFT

n

y(n) = -2 (%) u(n) + 3 G)n u(n)
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Q.3: Find output response using Z-transform
3 1 3
y(m) = 5y(n = 1) +5y(n—2) = 2x(n) + 3x(n - 1
n
Wherey(—1) =0 y(-2)=1 x(n)= G) u(n)
Solution:

3 1 3
y() =5y =D+ 5y —2) = 2x(n) +5x(n = 1)

Taking Z-transform
V@)~ 1Z27Y (@) + y (D] +31Z72¥(2) + 27y (1) + y(-2)]
—2X (2) + ; [Z71X(Z) + x(=1)]

Y(Z) - ; [Z-1Y(2)] + % [Z272Y(2) + 1] = X(2) [2 + gz-l] cy(=1) = 0,y(=2) =1

Since x(n)is causal signal x(—1) =0
w=(3) um = x@ = ——=-2
x(n) =(=] uln = =
4 1-2z71 Z-1

ol gt
oz (24327 1
Y= z-1(1 —gz-i +2272) 1 —gz-i +2272
7 [ 222+:z ~7?
rO = 72-2z+1) 72-2z4]

@) (222 +3z) 1z ) (222 +3z)-3z(z-3)
Z (z-)e-n(z-3) ¢-v(-3) (-)e-v(z-3)
_ 272 +27 —2Z% + 7 _ VAR
EDan@-) EDe-oE-)

A B c

EEHNGRNES

;Zz+§Z=A(Z—1)(2—%)+B<Z—%)<Z—%)+C(Z—%)(Z—1)

AtZz=2.4=28
4 3
AtZ =1 B=§
Atz=1.0c=22
2 2
25 19
Y@ _ 5 32
) Z  g_ Z—-1 g1
2
Y(Z)_s Z +25 Z 19 Z
3 3Z-1 27_1
2
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Applying inverse Z transform
8 (1)” N 25 ( 19 (1)” (
y(n)—§ 2 u(n) ?u n) ERAV] u(n)

Q.4: Convolve the following sequences using Tabulation method

x(n) =gfor0SnS6

h(n)=1for—2<n<2

_ (0 4 5 6 _ 1

xw={ 3 & 35 33 hm ={1 1 5 1 1
Tabulation method

[oe]

y(n) = x(n) * h(n) = Z x(k)h(n —k) or

5 6}
3" 3

k -4 -3 -2 -10

y(n) = h(m) x x(w) = > h()x(n— )

k=—oco

h(n)={1, 1, % 1, 1}

7 8 9

x(k) 0

N
w|w| W

h(k)
h(~k)
h(-k-2)| 1 1
h(-k —1) 1
h(~k)
h(-k+1)
h(—k + 2)
h(—k + 3)
h(—k + 4)
h(—k + 5)
h(—k + 6)
h(-k+7)
h(—k + 8)

O S N ==
[ U G U G WY
U W Y
R R R R R = Wk e
[ W S R R wiN
e

y(=2)=(0)(1) =0
1

y(=1) = (0)(1) + (g) =1

W]
wlwu| U1
w| o &

e
e
N e

_ R R

= P

y@=OW+G) W+ w=1
y =00 +G)O+E)0+E)w=2
y@=W+G)w+Gw+w+()w=2
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=G QG (o Ga=s
=B Qo Qo Qo -2
=B (o ar G-
y(6)=(§)(1)+<§)(1)+(§)(1)=5

5 6 11
=)+l w=7

6
y(®) = (5) (1) =2

-'-y(n)={0, % 1 2, 13—0, 5, 23—0, 6, 5, % 2}

Q.5: Obtain Cascade form realization
y(n) — %y(n -1 - %y(n —2) =x(n) +3x(n — 1) + 2x(n — 2)
Solution:
y(n) — %y(n -1 - %y(n —2) =x(n) + 3x(n — 1) + 2x(n — 2)
Taking Z-transform
Y(Z) - %Z_lY(Z) = %Z‘ZY(Z) =X(2)+3Z7'X(Z) + 227X (2)
Y(Z) 1+ 3271+ 2z71 @1+ ZH@a+2z™hH
X(2) 1 _iz—l —%Z‘Z B (1 _%2—1)(1 +%Z‘1)

= H,(Z).Hy(Z)

4
X(2) — 1y MY %2 gt ! Yal(zy,
Tb ZT
1/2 < 1 — -1/4 2 S

Fig 5.21 Cascade form

Q.6: Obtain Parallel form realization
1 1
y(n) — Zy(n -1) - gy(n —2)=xn)+3x(n—1) + 2x(n — 2)

Solution:
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y(n) — %y(n -1) - %y(n —2)=x(n)+3x(n—1)+2x(n—2)
Y(Z) 1+3Z7'+277?

X@2) 1-iz-1-1z-2

~16
1 1 -2 -1
e 1o 22774327+
8 4
2Z72+4771—16
=) =) &
~Z71+17
Y(2) —Z71 417 17-271
== 1 1 =-l6+ 1 1
X(2) 12zt =272 (1-2Z7H(1+527Y
17-271 A B
Let T - = ] + 7
1--Z"YHYA+-Z"Y) 1--7z"1 1+4-71
2 4 2 4
1 1
17-Z"1=4A (1 + ZZ-l) +B(1 - EZ-l)
at 771 =—4 atZ =2
1 1
17+4=B(1 -5 (-4) 17-2=A01+,(2)
~B=7 ~A=10
10 7
1—-Z"1 14-z-1
2 4
Y1(2) 10 Y,(2) 7
H,(Z) = =— Hy(Z) = =
X1(2) 1 ~-Z71 X(Z) 1 +271
W oy, (Z) = 10W,(2) 28 _ Ly, (Z) = TW,(2)
w,(2) ' ' W,(2) ’ ’
wi(2) 1 W,(2) 1

X2 1 —%2‘1

Wi(2) = X,(2) + 5 27 W (2)

Xi(Z)

Fig 5.22 Direct form II structure of H,(Z)

X,(2) 1 +%Z‘1

1
Wr(Z) = X,(Z) — ZZ_1W2(Z)

Xa(2)

Fig 5.23 Direct form II structure of H,(Z)

Combining figures Fig 5.22 and Fig 5.23 we can form parallel form realization as shown in
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Fig 5.24
X(2) -16

Y(2)

Fig 5.24 Parallel form

Q.7: Convolve the following discrete time signals using graphical convolution
x(n) = h(n) = u(n)

Solution:
xn)=un)=1n=>0
h(n)=u(n)=1n=0
x(n) h(n) (-k)
T T L
0|12345n 0|12345n 54 3 2 14 -

y(m) = x(m) +h(w) = )" x(Oh(n— )
k=—c0

whenn =0

y(©0) =M@ =1

whenn =1

y() =MD+ M@A) =2

(-k+1)

11!

4 3 -2 ol 1 n

whenn =2
y2) =D +O@M+ @MW) =3

-k+2)
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Q.8: Compute linear convolution.
x(n) ={2,2,0,1,1} h(n) ={1,2,3,4}

Solution:
2 2 0 1 1
1 2 2 0 1 1
2 4 4 0 2 2
il
4 8 yy%%
y(n) = x(n) * h(n) = {2,6,10,15,11,5,7,4}
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