Review Problems

Problem 1
Given x[n] =h[n] =u[n - 1] —u[n - 5], find y[n] =x[n]*h[n] using z-
transforms

z[n] = u[n — 1] — u[n — 5], h[n] = u[n — 1] — u[n — 5]

riz) = z +2° +23 424
h(z) = 2422423424
y(z) = =z(2)h(z)

= 272 +2:% 432 + 425+ 320 + 227 428

yn] = d&[n—2]4+ 24[n— 3]+ 38[n — 4] +44[n — 5| + 3d[n — 6] + 26[n — 7] + djn — §]
forn—1<0 n<l
yln]=0
forn—1<4 n<b
n—1
y[n.]=Zl=n—1
k=1
forn—4<4 n<8
4
y[n.] - z 1=9—n
=n—d
forn—4>5 n=>9
y[n.l =10
y[n] = a[n — 2]+ 28[n — 3]+ 3d[n — 4] +45[n — 5]+ 3d[n — 6] + 28[n — T| + é[n — §]
Problem 2

A recursive filter is given by:
s°+2s° +1

H(z)=
(2) 52 +472* +32° + 27 + 72 +1

Check the stability using Jury’s method



a. D(1)=16>0
b. (=1)°D(=1)=2>0
C.

5 4 3 2

1 1 2 3

24 19 13 7
7 13 19

575 449 299 149
149 299 449 575
30842 10502

—> The system is stable.

Problem 3
Determine the inverse Z-transform of:

Z(z+1)

X(2)= [~ with ROC %<[z<1
(z-1)(z2"-2+-)
4
8 6 2
X(2) = o TN ]
1-z (1-0.5z7)" 1-0.5z

X[n] =—6(n—1)(%) 7 u[n—l]—z(%j u[n]—8(1)"u[-n—1]



Problem 4
An LTI system has the transfer function H(z),
H(z)=1-3z>-4z"*
The input to this system is given by,
x[n] =20 -208[n] + 20 cos(0.5tn + /4 ) -0co<n <o
Determine the output y[n] of the system for all n.
Solution: In the lecture notes, we derived the following transform pair:
dln—n,| = "o
Therefore,
filn] = 6|ln|=3d8|n=2]—-48|n-4].
This is the impulse response of an FIR filter, whose difference equation is given by,
vln| = x[n|=3x|n-2| -4x|n-4].
Thus, the output v|n| for the input in equation (11-2) is given by,

vlr] = 20-2008|n] + 20cos(05mn + m 4) -
320-206[n=2]+ 20cosi05nin-2)+ ./ 4)| -

4120 -200|n—-4] + 20cos(057(n—4) + 174}

vln] = —120=208|n] + 608]n—2] + 808]n—4] + 20cosi0.53mn+ . 4) +

6lcos(0.5an + n74) —80cosi 0.5an + m74)
vl = —120-208|n| + 608 n—2] + 808|n—4].

A more general procedure, that applies to hoth FIR and 1IR filters is to derive the solution for yv|n| through
the frequency response of the system:

Hiel®) = Hu:;]|:: = | — 3e—i28 _ 4 a—j48
First, the input x|#| can be hroken up into three parts:
xln| = -1'1|H| +.1'3|u| +.r_.1|4:‘|
where,

xln] = 20, x,In]| = =206 n| and xqln| = 20cos{0.5mn+ 174).



We can write the outputs corresponding to x|n|. x,|n| and x;|n]:

H|:t=_iﬁj||ﬁzﬂ = 1-3-4 = _6
yln| = EI:}lH':t:'iH:'lﬁ-:{]CDS':I:}'H+£H|:t"iﬁ:'||.;.:-:]:l = 20|-6|cos(m) = —-120
vyln| = =20h[n] = = 208[n] +608[n 2] +808[n- 4]

HI:E'iH]L—:-:-:]i,-[ = 1_31'_].‘?—4-1'_-"1’1 — 1+3-4=0

yiln] = 20|H{ei®)|s = gspcos(0.5an+ ZH(®)|, _ . ) =0

Therefore, the total output is given by,

vln] = yilnl+ yalnl + y3ln]
vin| = —120=-206|n| + 608|n—-2] + 808 n—4].
Problem 5

The signal X(t) = e_gtu(t) is sampled every 0.125 seconds.

a. Represent the sampled as a sequence x[n].
X[n]=e"u[n]

b. Find the z-transform X(z) of x[n].

1
X(2)= e with ROC |z[>(1/e)

Problem 6

Consider a sequence x[n] whose z-transform is given by:

1/3 1/4
-1 * -1
1-0.5z 1-2z

X(z) =



(note that the ROC is not specified)

a. Can x[n] be causal?

Yes, if we chose the ROC to be |z[>2
b. Can x[n] be stable?

Yes, if we chose the ROC to be 0.5|z|<2
c. Can x[n] be causal and stable?

No; 1 pole outside the unit circle.

Problem 7

Given the z-transform of x[n] to be X(z) with ROC |z|<4. Use the z-
transform properties to determine the z-transform of the following signals:

a. y[n]= x[n] * x[-n]

Y(z)= X(z) X(1/z) with ROC 1/4 <|z|<4

b. y[n] =n x[n]

Y(2)= _z$wim ROC [z]<4

c. y[n]=x[n-1] * x[n-3];

-1 -3 -4 2
Y(z)=z X(z)z X(z) =z X (z), with ROC |z|<4



