ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #3 InverseTransform

Q1

Using properties of-transform, find the-transform of the following discrete-time functions:
(a)n uln]

(b) n? un|

(c) ncu[n] (challenge problem)

(d) uk—2]

Q2

Using the method based on patrtial fraction expansion, find x[n] if X(z) equals:
z+1

a e —

@ (z—2)(z+3)

2z2-3

(b) 2(z—0.5)(z+0.3)
z

(©)

(z—1)(z—4)
1007
@ (z—1.1)(z—1)
0.1z(z+1)
©) (z—1)%(z—0.6)

Also plotx[n] forO<n< 4

(challenge problem)
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #3 Solution

Q1

(a) Complete Solution

We know
z
u[n} — ﬁ
Hence
z

z{nun]} = _Z(;jz<z—1>
(z-1)(1) -~ (1)

(z—1)
B z
T (z1p2
(b) Solution with Hint
Show that
2 Z(z+1)
n“uln] «— Z 1)
Hint:-
nun] «— z
(z-17
(c) Solution with Hint
Show that
zc
nc" u[n] — (Z—C)Z

Hint:-

n

c"un — ——

(d) Complete Solution

We know
z
unj — ;=3
and
X(z
Z{Xn—ngl} = z'(b)

Hence using the time shifting property,

z{un-2)} = =t
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ANU
Q2
(a) Complete Solution
Given that
z+1

XD = w2e

Rewriting
B z(z+1) (z+1)
X0 = ke e

Using partial fraction expansion, we have

(z+1) _ AL B C
2(z—2)(z+3) z z—2 z+3

Evaluating the coefficients,

20| (z-2)(z+3)] 6
. z+1 3
5 = I Ghig) = 10
. z+1 2
C = Ilm |2~ |=-_=
SaLL [ 2(z—2) ] 15
Hence,
1
1 31 21
(2 - 7| 8.3 1 2
@ 2172 T10z-2 15713

Taking the inverse-transform, we have

X = g8l + p(2)uln] (-3l
For 0< n < 4, we have

x[0] = —% +(03)(2)° - 135(—3)0 =0

X1 = 0+(0.3)(2)!- 1%(_3)1 =1

X2 = 0+(0.3)(2)2— %(—3)2 =0

X3 = 0+(0.3)(2)°— 135(—3)3 =6

X4 = 0+(0.3)(2"*— 1*25(73)4 =6

Using the initial value theorem to check the value, we have

X[0] = ZIim X(2)
) z+1 . z+1 71472 0+0
= lim = lim = lim = =
7o (2—2)(z+3) z90Z+z-6 zowlt+z1-6z22 1+0+0
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ANU
The plot ofx[n] is shown below:-
6 ]
X=3
Y=6
4,
X=1
2Mxo v=t X=2
Y:0 L] Y=0
2 = | "
2
:
<2
_4,
X=4
Y=-6
_6 b
_8 L L L
0 1 2 3
Sample n

Figure 1: Question 1(a)

(b) Partial Solution

Given that
2z—-3
X@ = J7=05z+03
Rewriting
z(2z—3)
X@ = 27-05)z+03
(2z—-73)

| 2(z—05)(z+03)

Using partial fraction expansion, we have

2(z-05)(z+03)  z 2 z-05 z+03
Evaluating the coefficients,
. (2z—-3)
B = | — | =20
2 {(z— 0.5)(z+0.3)
. d (2z—3)
A= Ilm—|—————|=-4
270 dz [(z— 0.5)(z+ 0.3)} 0
. (2z-3)
= | — = | =-1
c = Jm [(22)(z+ 0.3) 0
_ (22-3) | _
b = zﬂ”&a{(ﬂ)(z_o& =30
Hence,
40 20 10 50
X@ = Z{z+zzz—0.5+z+0.3}
20 z z

50
z— 05 + z+03

Taking the inverse-transform, we have

x[n] = —403[n]+203[n— 1] —10(0.5)"u[n] +50(—0.3)"u[n]

= —40+=-10
z

The plotting is left as an exercise for the students.

Check your answer via Matlab or by comparing your answer with another student.
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ANU
(c) Solution
Show that
1
x[n = §(4" —1)uln]
The plot ofx[n] is shown below:-
9 ‘ : : ‘
wf =]
701 : 1
60
é 50
?407
1 h
20+ L
10[ x:0 éii ézg
CB : 2‘ 3 4
Sample n
Figure 2: Question 1(c)
(d) Solution
Show that
xn] = 110Q1.1)"u[n] —100Qu[n]
The plot ofx[n] is shown below:-
700
600 »
500
°
§ 400t
;% 300
200
1008
OO 1 2 3 4
Sample n
Figure 3: Question 1(d)
(e) Solution
Show that
x[n] = {0.5n—1+(0.6)"}u[n]
The plot ofx[n] is shown below:-
14
1.2+ Y= 1.?2:92 )
1r 4
§ 08 VCons
;% 0.6
oal o
0.2 o éffl)l
il Y:0 T
0 1 2 3 4
Sample n

Figure 4: Question 1(e)
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