
ELEG 4603/5173L Lab # 3

Z-Transform Part I

1. (a) Read the help file of the Matlab function residuez() and filter().

(b) Read, repeat, and understand the following example, which per-
forms inverse Z-transform of the following signal with partial frac-
tion expansion.

X(z) =
1 + z−1 + 2z−2

1− 0.25z−2
(1)

1 % the uni t impulse func t i on de f ined as an
i n l i n e func t i on

2 uimpulse = i n l i n e ( ’ double (n==0) ’ ) ;
3

4 % the uni t s tep funct i on de f ined as an i n l i n e
func t i on

5 ustep = i n l i n e ( ’ double (n>=0) ’ ) ;
6

7 % numerator c o e f f c i e n t s
8 b = [ 1 , 1 , 2 ] ;
9

10 % denominator c o e f f i c i e n t s
11 a = [ 1 , 0 , −0 .25 ] ;
12

13 % pa r t i a l f r a c t i o n expansion
14 [ r , p , k ] = r e s i du e z (b , a )
15

16 % f ind the po l e s
17 z = roo t s (b) ;
18
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19 % plo t the po l e s and ze ro s
20 f i g u r e (1 ) ;
21 zplane (b , a ) ;
22

23 %−−−−−−−−−−−−−−−−−−−−−−−−−−−−
24 % Plot x (n) : Method 1 : Inve r s e Z−Transform
25 % Based on the p a r t i a l f r a c t i o n expansion ,
26 % f ind the expre s s i on o f x (n) and p lo t i t
27 % the f o l l ow ing code i s based on the r e s u l t s
28 % r = [ 5 . 5 , 3 . 5 ] , p = [ 0 . 5 , −0.5 ] , k = −8
29 n = [ −5 : 1 0 ] ;
30 xn = 5 . 5 ∗ ( 0 . 5 ) . ˆ n .∗ ustep (n) +3.5∗(−0.5) . ˆ n .∗

ustep (n)−8∗uimpulse (n) ;
31 f i g u r e (2 ) ;
32 stem (n , xn ) ;
33 hold on ;
34

35 %−−−−−−−−−−−−−−−−−−−−−−−−−−−−
36 % Plot x (n) : Method 2 : F i l t e r
37 % we can a l t e r n a t i v e l y f i nd x (n) by per forming

convo lut ion
38 % between x(n) and de l t a (n) , i . e . , pass ing

de t l a (n ) through
39 % a system with
40 % t r a n s f e r func t i on de f ined by b and a
41 xn 2 = f i l t e r (b , a , uimpulse (n) ) ;
42 stem (n , xn 2 , ’ r+:− ’ ) ;

2. (a) Find the inverse Z-transform of the following signals by using par-
tial fraction expansion.

(b) Plot the poles and zeros on the z-plane.

(c) Plot the time domain signal x(n) with both of the two methods
in the example
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X(z) =
8− 4z−1

z−2 + 6z−1 + 8
(2)

X(z) =
z3 + 1

z3 − z2 − z − 2
(3)

X(z) =
0.6z2

z3 − 0.5z2 − 0.25z + 0.125
(4)

3. The difference equation representation of a discrete-time LTI system is

y(n)− 1.94y(n− 1) + 0.94y(n− 2) = 4.43× 10−4x(n)+

8.86× 10−4x(n− 1) + 4.43× 10−4x(n− 2) (5)

(a) Manually find the transfer function

(b) Plot the impulse response by using the inverse-Z transform method

(c) Plot the impulse response on the same figure by using the filter
method.

(d) If the input is x(n) = u(n) − u(n − 100), plot x(n) and y(n) for
n = [0: 200]. Based on the output, is this a low pass filter or
high pass filter?

(e) Load music.wav from Lab 2, and pass it through the filter by using
the filter method. Listen to the output to verify whether it is a
low pass or high pass filter.
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