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Question # 1:
Using partial fraction expansion and the fact that

(@"uln] & ——, Iz| > |al
Find the inverse z-transform of:

1-2z71
— 3

X(2) = (1-z=D(1+2z71) ’ lz| > 2
Solution:
Using partial fraction expansion:

1
1- §Z_1 A B
X(2) = - eq(1)

A-zDH(1+2z0) A=z d+2zD
Cross multiplication gives:

1
1 —§Z_1 =A(1+2zHY)+B(1-2z1)

Putting z=! = 1, gives:
1—%(1):A(1+2(1))+B(1—1)
3;—1=A(1+2)+B(0)
2 2 1 2
§:A(3)=>A:§x§:§
Putting z7! = — %, gives:
1/ 1
1_5(_5):/1(1” )+B(1 )
1 1
1+ 6—A(O)+B(1+E

6+1 (2+1>
6



7—B(3>=>A—7><2—7
6 \2 63
Putting values of A and B in eq(1) gives:

2 7

O|

9 9
A=z  dt2z0

Taking the inverse z-transform, we obtain:

X(z) =

x[n] = %u[n] + g (—2)"u[n]

Question # 2:

Determine the z-transform for each of the following sequences. Sketch the pole-zero
plot and indicate the ROC:

i. &[n—5]
ii. (—1)™uln]
iii. (l)nu[n]

2

Solution:

i. 6[n—75]

(o]

X(2) = Z x[n]z™?!

X(2) = Z §[n—-5]zt=z5
n=>5

Region of Covergence is all z except 0.

5th order
pole
Re

N




ii. (—1)™u[n]

(o]

X(2) = Z x[n]z™?!

n=—oo

X(z) = Z (—1)"u[n]z

n=—oo

- 1
= -zl =
Z( "'z 1+2z71
n=0
zerosisatOandpoleisat1+z '=0=2z= -1
Region of Covergence = |z| > 1
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Pole

s
N

X(z) = i (E>nu[n]z‘1
-2.6) 7=

1 1
zeros is at 0 and pole is atl—Ez‘1 =0=>7z =3

1
Region of Covergence = |z| > 3
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Question # 3:

Using the partial fraction expansion, determine the sequence x [n] that goes
with the following z-transform:

3
A Yy
z—3-g%
Solution:
3
A Yy
z—3—g%
Multiply and dividing given transform with z=* gives:
3z71 3z71
X@) = S A -
-1) — — -1y - — -1 -1 =1 _ — -2
Z(Z)4(Z)8Z (2)142 K

Factoring the denominator of eq (1) gives:
3z71

(- 5) ()

Since x [n] is absolutely summable, the ROC must be |z| > % in order to

X(z) =

include the unit circle.
Using partial fraction expansion:

3z71 A B
X(z) = = +

1 1 S 1.
(1-37)(1+377) (1-377) (1+377)
Cross multiplication gives:
3z71=4 (1 + 1Z_1> + B (1 —lz‘1>
4 2
Putting z71 = —4, gives:
1 1
3(-4) =4 <1 +2 (—4)) + B <1 —3 (—4))
—-12=A(0)+B(1 +2)
12

~12=BQB) =B =——=—4

- eq(2)

1

Putting z7* = 2, gives:

3(2) :A<1 +%(2)>+B<1—%(2)>

6:A<1+%>+B(O)

6—A(2+1>
B 2



6—A(3>$A = (6)(2> =4
=A(5 = 3) =
Putting values of A and B in eq (2) gives:
X(2) 4 —4 4 4
z) = -
I 1 I 1 4
(1-3771) (1+327) (1-2271) (1+37

Taking the inverse z-transform, we obtain:

1\" 1\"

x[n] = 4 (E) uln] — 4(— Z) uln]

Question # 4:
The input x [n] and output y [n] of a causal LTI system are related through the block

diagram representation shown below:

+ - y{n]

x[n] -—+® -
3

2-1
O
4 Y
2—1
2
3 e

|
ww

a) Determine a difference equation relating y [n] and x [n].

b) Is this system stable?

Solution:

X[n]

a) Determine a difference equation relating y [n] and x [n].
The block diagram may be redrawn as shown below:

* y[n]
—>

Svstem |

System II



This may be treated as a cascade of the two systems shown within the dotted
lines. These two systems may be interchanged as shown below without
changing the system function of the overall system.

x[n]

1

9 _
y(z)_ 1—§Z

H(z) =

X () 1+ %Z_l - %Z_Z

Y(2) (1 + lZ—1 - EZ‘z) = X(2) (1 — 22—1)

3 9 8
Y(2) + %Y(Z)Z_l - éY(z)z‘2 =X(z) - gX(Z)Z_l

Taking inverse z-transform we get:

ylnl +3yln ~ 11~ 5 yln — 2] = xln] — 2 xln — 1]



Hence the difference equation related to the system shown above is:

ylnl = xln] = gl — 1] = 3 yln — 1]+ 5yln — 2]

b) Is this system stable?
For this part consider the transfer function equation, i.e.,

9 _ 9 _
H02) Y (2) 1-gz™! 1-gz™!
Z) = = =
X(z) 1 1.2 5 2 4 _1
1+3Z 97 (1+3z )(1 3% )
1 2
H(z)haspolesatz=§andz=—5.

Since the system is causal, the ROC has to be at |z| > g The ROC includes
the unit circle and hence the system is stable.




Good Luck



