ANU

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #2-Transform

Q1

ENGN6612/4612

Using the definition of the-transform, find the-transform of the following discrete-time functions:

(a) 3[n]

(b) 8[n—K]

(c) u[n]

(d) c" u[n] wherec is a complex constant
(e) sifen]u[n]

(f) codwn]uln]

(g) r"sin[wn]u[n]

(h) r"codwn|uln] (challenge problem )

Q2

Find thez- transform of the following discrete-time functions:

e =73l (4

(b)x[n] = (3)"uln] +2(3)" uln

(€)x[n] = {%Jrg(— 2" —3(- ) }uln] (challenge problem )
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ANU ENGN6612/4612

AUSTRALIAN NATIONAL UNIVERSITY
Department of Engineering

ENGN6612/4612 Digital Signal Processing and Control
Problem Set #2 Solution

Q1
(a) Complete Solution

The given function is a discrete-time unit impulse given by
1 ifn=0
olnj _{ 0 ifn#0
Using definition ofz-transform, we have

Z@n) = 3 snz"

= --_-_+5[*2]Zz+5[*1]Zl+5[0]Z°+6[1}z‘1+6[2]z‘2+...
= .40+ +0+...
= 1

(b) Complete Solution

The given function is a time shifted discrete-time unit impulse given by

1 ifn=k
8n—K { 0 ifntk
Using definition ofz-transform, we have
n=-+o0

zZ{dn-K} = z dn—kz™"

n=—oo

= 40+ D +0+...

1
S
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ANU ENGN6612/4612
(c) Complete Solution

The given function is a discrete-time unit step given by

0 ifn<O
UN=31 in>o0

Using definition ofz-transform, we have

n=-o

z{un} =y unjz "
= u02+ujz 4 u2z 2+ u3z 3 +...
B S
= 4ot 5+
1
oz
T oz-1
Hence,
z
unj — ;3

(d) Complete Solution

The given function is a discrete-time exponential.

Using definition ofz-transform, we have

N=+-o00

z{c"un} = % cunz"

-1
1-(3)
B z
- z—c
Hence,
z
cun — ——
zZ—c¢C
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(e) Complete Solution

The given function is a discrete-time sine wave.

Using definition ofz-transform, we have
n=-+co

Z{sinjwnju[n]} = z sinfcnju[njz~

n=—oo

Lo 2j
Let

c = e®

o = €1

Hence we have,

Z{sinwnjun]} = = % (c1—c3)unz

2jz—c 2jz—¢

z(c1 — )
2j(z—c1)(z— )
(%)
2—2z(93%2) +1
(sinw)z
Z2 — (2cow)z+1

Hence,

(sinw)z
22— (2cow)z+1

sinjwnju[n] «—

(f) Solution with Hint
Show that the final answer is

7 — (coqw))z

cogwn]u[n] 2 — (2cosw)z+1

Hint:- . ion
Coqwn] — (%)

S. Durrani

N=-+00 (ejwn _ g jn

) unjz ™"

— — 00

(using result of Q1 part d)

( C1C = l)

-3

_?jn
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(g) Partial Solution

Using definition ofz-transform, we have

N=+-o00

Z{r"sinwnjun}} = % r"sinjwnjunjz”"
N=-c0 ejwn_e—joon Z\ N
- (57 )w ()
Let
o = e
o = e
Hence we have,
n=-+o0 _n
Z{r"sinfenuln} = 2711,2, (&~ (%)

1 "t z\ " 1Nt z\ "
- zjan”[”(rcl) zjnm”[”(rcz)

l z i z
2jz—rcy 2jz—rcy

Show that this can be written in the form

Z{r"sinjwnuln]} = il (ClngZ)
C 2-2rz(93%2) r2

(rsinw)z
Z2 — (2r cosw)z+r2

Hence,

(rsinw)z

N
r'sinwnjuln]  «— 22 — (2r cosw)z+r2

(h) Solution
Show that the final answer is

Z —(rcoqw))z

22 — (2r cosw)z+r2

r"cogwnjuln] «——

Check answer in Matlab using the following commands

>> syms w n z

>> f=(r"'n)  *cos(w *n) * heaviside(n);
>> Ans=maple('ztrans’,f,n,z)

>> pretty(Ans)
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Q2
(a) Complete Solution

Given that,

/N
wl
~__
=)
=%
=
N
N
wl

Theztransform of the given functioK (z) is thus given by

7z 6z
X@ = —5-,1
3 2

72(z—3) —62(z— %)
(z-3)(z-3)
2z-3)

(z-3)(z-3)

(b) Solution
3-371
X2 = (1_%;1)?1_%271)
(c) Solution
X(2) = 7(2z+3)

(z+2)(z+3)(z—-1)

Check answer in Matlab using the following commands

>> syms n z

>> f= ((5/12) + ((1/3) *(-2)'n) -((3/4) *(-3)n))
>> Ans=maple(’ztrans’,f,n,z)

>> pretty(simplify(Ans))

\%
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* heaviside(n);
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