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Question 1 (25%)
1

The Z-transform of a digital causal filter is 3 5
z©-0.95z+0.95

(a) Determine the characteristic of this filter (high-pass, low-pass, band-pass, notch,
etc.) according to the zero-pole locations. (10%)

(b) Determine the impulse response of this filter. (15%)



Answer to Question 1:

T T
(a) The poles are z =0.95¢3,0.95¢ 3 . Thus it is a band-pass filter.
(b) 7 _ 1 =4y A1 + 431
z 2 _ n 2 z iz -
Z(Z 1.9005(3j2+0.95 ] - -0.95¢0 3 5-0.95¢ 3
A11 = 1 ‘ = 1 2 =1.108
22 —1.9005(ﬂjz+0.952j 0.95
3 _
z=0
1 _ 1
Ax1 = e = R
Az-095 '3 27(0.95)%¢" 3 sin(n]
d 3
L 12=0.95¢"3
T
i
-_=Je P . 055400 3199
(0953 '
1 _ 1
Azq = 7 = NG
z| z —0.95e] 3 —2j(0.95)2e 3 sin(gj
%
i Jz=095¢ '3
T
L
- J¢ 3 05540+0.3199;
(095243 '
H(z)=1.108 + (0.5540-03199))  (-0.5540+0.3199 )
N/ N/
Jy ~J
z-0.95¢ 3 z-0.95¢ "3



n

Thus, A(n) =1.1089(n) +(-0.5540 - 0.3199)0.95" ejgu(n)
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or h(n) =1.1083(n) -1.108(0.95)" cos(%ju(n) .



Question 2 (15%)

A causal LTI system has the transfer function as follows:
1
149271 +8272 43273 42,74

Determine the BIBO stability of this system without the knowledge of the poles.

H(z)=




Answer to Question 2:

A(z) =149z 148,72 43,3 +2,74
A4(Z) :1+92_1 +82_2 +3Z_3 +22_4, K4 =a4(4) =2>1

Since |K 4| >1, the system is unstable.



Question 3 (25%)

The DTFT H(w) of a digital filter is depicted as below.

A
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0, otherwise

(a) Determine the impulse response of this filter, which is 4(n) = IDTFT{H(w)}. (15%)

(b) Determine the 3-dB bandwidth (half-band) of this filter in terms of the sampling

frequency F; Hz. (10%)



Answer to Question 3:
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The half-band bandwidth is (2—;3; F, sj = 2855 Hz or 2—;3; = %8 (both are

acceptable).



Question 4 (35%)

Three sequences x(n), 4(n) and g(n) are given as follows:

x(n)I{'l, 2, 1, 1}
1
h(n):{1, ‘I}
1
g(n)={1, 2}
A

(a) Extend both x(n) and A(n) to periodic sequences x,(n) and &, (n) respectively with a
common period of four samples. Determine the periodic sequence y4 ,(n), which

results from the 4-point circular convolution of x, (n) and 4, (n), without using DFT

and IDFT. (10%)
(b) Using the DFT and IDFT, determine the periodic sequence yq , (1), which results

from the 4-point circular convolution of x p(n) and & p (). (10%)

(c) Using the DFT and IDFT, determine the sequence yo(n), which results from the

linear convolution of g(n) and A(n). (15%)



Answer to Question 4:

(a) xp(n)={1, 1, 1, 2}, hp(n):{t 1, 0, o}.
1

1

y(n) =x,(n)U. h,(n), where L. denotes the circular convolution operation.

3
y1’p(n)= ;Oxp(m)hp(n—m):{?, 2, 2, 3}.
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(c) gp(n):{Z, 0, O, 1}, hp(n)={1, 1, O, 0}
1 1
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-1<n<1
y2,p(n). —=n ,yz(n>={1, 3, 2}.

Since yo(n) = {
:

0, otherwise
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