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1 |If h@)= e?u(t) and x(t)=u(t+2), Determine the output v(t).given h(t) is the 10 [CO3| L2
impulse response and x(t) is the input for the LTI system.
2 [The impulse response of a system 1is h(t) = e** u(t — 1) and system 2 is 10 [CO4| L2
h(t)= e®".Check whether the systems are stable, causal and memory less system.
3 |Obtain direct form-1 and direct form 2 representations for the following 10 |CO4| L2
riz_:; dy — dx
a. =0+ y(h)=="
b. y[n]+0.5y[n-1]-0.3y[n-3]=x[n]+2x[n-2]
4 |Find the natural response, forced response and complete response of the given| 10 [CO4| L2
difference equation.
y[n]+1.5y[n-1]+0.5y[n-2]=x[n] given y[-1]=1, y[-2]=0, x[n]=2"u[n]
S |List and explain the properties of ROC with examples. 10 |CO6| L2
6 |Obtain Z-transform of the following functions 10 [CO6| L2
a. a'cos(Qn)u(n) b. n(-1/2)"u(n)*(3/4)"u(-n)
7 |Prove distributive and time shifting property of Convolution Integral 10 |CO3| L2
Answers
1.
(i) Givenx(t) =e 2 u(t); h(t)=u(+2)
. (o o)
Let y@) =x()*h()= / x(T)h(t — t)dt
—00

Fig. 4.5a shows x(¢) and A(?).

Fig. 4.5b shows x(t) and h(—7) as functions of 7. The function h(—7) can bx
obtained by folding the signal A (7) about t = 0. Fig. 4.5c shows the signal:
h(t — 7) and x(7) on the same axis. Here the signal h(t — t) is sketched fo:
t < —2 by shifting h(—7) to left. For t < —2, x(t) and h(t — t) does noi
overlap and the product x(z) A(t — t) = 0, that is




X(t) = e2u(t) h(t) = u(t+2)

x(1) h(-1) :

b3 10| x(
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(C)

y() =0 for t < —2

Now increase the time shift r until the signal A(z — ) intersects x (7). Fig 4.5d
shows the situation forz > —2. Here x(r)and h(t —71) overlapped..But_x(t) = .O
forz < Oand h(z — ) = O for T > t + 2. Therefore the integration interval is
fromz =0tor =1t + 2
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h(t) = e~2Mtl

— !

Fig. Ex2.13

(i) System is not memoryless, because A(t) is not of the form h(t) = c §(t)
evident in Fig. Ex.2.13, '

ii) Since, A(t) is not zero for ¢ < 0, the system under investigation is noncausa

m .
ii) Let S=/lh(t)]dt
—00
0 oo
Then, S= / e*dt+ / e gty d
2, J 273

Since S is finite, the system is BIBO s_table.
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Fig. P2.77.1 Direct form I

| ~ Fig. P2.77.2 Direct form Il
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1. Characteristic equation
A" -1501+ 05072 =0
N2~ 1.50+05] =0
2. Rootare A; =1and A, =0.5
3. Zero-input response or natural response is given by
yOln] = A + o\l

= [1]" + ¢0.5]"
Substituting for n=0and n =1, we get
Y0l =c; +¢,

Y[l =c;+¢,x05
Coefficients ¢; and

‘ ¢, are solved considering zero input in the origin .
difference equation

VI =15y[n -1~ 05y[n - 2]; y[-17 =1, y[-2]=0
YI0] = 1.5y[-1] - 0.5y[-2]
=15x1-05x0=15
y[1] =1.5y0] - 0.5y[-1]
=15%X15-05x1=1.75



Gubstitutg == s .
g +cx=15
¢ + 0.5c, = 1.75
solving We getc; =2 and c; = -0.5
The natural response is
y™[n] = 2[1]" - 0.5[0.5]", n=0
= 2u[n] — 0.5[0.5]"u[n]
4. The p]articular solution is taken to be of the same form as input, x[n] =
2"u[n
yP[n] = k2"u[n]
y(”)[n —1] = k2" 'u[n - 1]
yPn — 2] = k2" %uln - 2]
5. y‘l”[n] is a solution of the original difference equation. Therefore,
y(”)[n] - l.Sy(”)[n -1] + 0.5_1/(")['1 - 2] = x[n]
Substituting for yP[n],
Kk2"ul[n] - 1.5k2" tuln — 1] + 0.5k2" 2u[n — 2] = 2"un]
k is calculated so that no term vanishes. Choose n = 2.
k22 — 1.5k2! + 0.5k2° = 22
8

k==
3

yPnl = S [21"uln)-

6. Forced response is sum of particular solution and a component of the
same form as natural response.

Y Dn] = %[2]" + a[11" + ca[0.51; n=0 (4.53)

yio1 = 2[21° + a[11° + ,[051°

% +c3+ Ccy
1 8 1 1 Fl:
Y11 = (2" + e[ + c40.51

- -—132 + c3 + 0.5¢4

We now compute y[0] and y[1] from the original differenc, e(]u‘

with zero initial conditions. %,
Hence,
y[n] = 1.5y[n - 1] - 0.5y[n - 2] +x[nl;  y[-1] =g
' y[-2] =g
x[n] = 2,‘1‘[)[]

410] = 1.5y[-1] - 0.5¢[-2] *+ 2°[0]

y[0] =1

y[1] = 1.5y[0] - 0.5y~ 1] + x[1]
—15x1-05x0+2"=35

Substituting for y[0] and y[1], we get
8
— + + =1
3 Ca

139 +cy+0.5¢, =35

1
Solving, we get c3 = -2 and ¢ = 3

The forced response is ym[n] =-2[1]" + —31-[0.5]" + 3§2”; n=0

Summarizing.
y™[n] = {2 - 0.5[0.5]"}u[n]

yn] = {—2 + %[0.51" + gz"}u[n]

yIn] = y?[n] + yP[n] = {—6110.51" P gzﬂ} 2Fil:

:I:he ROC is a ring or disk in the z-plane centered at the origin.
I'he ROC cannot contain any poles.
If x(n) is a causal sequence then the ROC is the entire z-plane exceptat z = 0.

. If x(n) is a anti-causal sequence then the ROC is the enitre z-plane except al
z = OO.

PUWN=-



If x (n) is a finite duration, two-sided sequence the ROC is entire z-plane except

at z =0and z = oo.
If x(n) is an infinite duration, two-sided sequence the ROC will consist of a ring

in the z-plane, bounded on the interior and exterior by a pole, not containing any

poles.
The ROC of an LT1 stable system contains the unit circle (to be discussed in

section (10.9).
The ROC must be a connected region.

T o1
d X(Z) y
fin x[n] = a" cos (Qn) uln).
tion”: Let y[n] = a"uln].
From property of multiplication by an exponential ﬂ"l/[n] z Y(oz'lz);
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jQn -jQ
cos (Qn) = il
z z _ 1
d'in] «— 1 Ao g |z| > |a|

1, jan —jiQny n z 1 1 1
21 + e Ma"uln] < > — i
Zl 2 |1-azle @ +_ 1—az e

2

o anJ a- az te 1) (1—az"e?)
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2’ 1—=gz ———ein L
- 2

1—az™" (e‘jQ +e/)+ a’z "2

1—az ! cos (Q)
1— 24z~ cos (Q) + a’z”

2

2 _ Q
z2 —az cos (£2) 2}|Z|>|“|

22 —2az cos () +a

ifa—_—1and£2=n/2,weget

Specifically
2

z
cos (—1-;— n)u[n] 55 ?:—I

y, we can show that

...(8.36)

Similar} @ »
a sin 7
a" sin (@) uln] gt 1—2acos (Q)z ' + atz™*

T
If a= 1 and Q= _i
-1 z : . ..(8.37)

in|Zn uln] 2 ——— =
4 D 1+ 2z~

22 +1




We now substitute the integral representation of convolution in (3.14) to

get,

Time shifting

Solution: Write x[n] = y[n] * w[n] TR
Compute Y(z)

u[n] «—<— 21;|z|>1

z—

(__%) u[n] «=*—> 21,_ ROC: |z| >%

z+ =
2
12
1Y’ > d z )
n(_E) uln] «—— i el - =i lz| >1/2
Z 4=
2 (Z+E)
Compute W(z)
uln] «Z-» —2_; ROC: |z| >1

-1

1
u[-n] «~*- 1—5’ ROC |z >1or |z] <1

1

1 —_—
1- 234 1- %z
X(2z) = Y(z2) W(z) (convolution property)

> 3 n
[Z) u[-n] <> ; ROGC: |2] <%

3
=—% L x—1 Roc:%<|z|<z
. (z.}.l) 1——=z
2 3
=_l 22 ;.];<IZI<3/4
Sk
2 B
7.
Distributive
Proof: Let the RHS be equal to a function y(t).
Y(t) = x1(8) * x5(8) + x1(2) * x5(8). ~(3.14)

oo

| 2102yt - T)de + °f X1 (T)x5(¢ - T)dr

—oco —oo

y(#)

oo

| xi@xa(t - 1) + x5(t - D)}

= x;(t) * {xa(t) + x5(8)}

1 (8) * 2x2(8) = y(b)
x(8) * x3(t — T) = y(¢ — T)

n(t-1)* nft) =yt - T)

oo

1)) * x2(t = T) = [ x,(0)x(t— T — T)dT

k155 xl(t_ Tl) . x2(t gic! T2) = y(t -~ Tl o Tz)
—y(t—"T)






