EEE4001F: Digital Signal Processing
Class Test 1

16 March 2012

SOLUTIONS

Name:

Student number:

| nformation
e The test is closed-book.
e This test hasour questions, totalling 20 marks.
e Answerall the questions.

e You have 45 minutes.




1. (5 marks) For the signai[n] below
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plot the following:
(@) y1[n] = z[n] + z[-n]
(b) y2[n] = z[njz[-n]
(€) ys[n] = z[n] — z[n — 1]
(d) yaln] = >"5__ =[K]
(€) ys[n] = z[n] x z[n].
Plots follow:
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2. (5 marks) For what values afis the signal:[n] = e/“™ periodic with a period of 8?

For x[n| to be periodic with periodv we require that:[n] = z[n + N| for all n. For the
givenz[n] this requires that

ejwn — ejw(n-HV) _ eijejwn
for all n, which means that/“" = 1 = ¢727* for any integet. Thusw must satisfy
™
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for any integelk. The set of frequencies for which the signal is periodic with a period of

8 is therefore
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3. (5 marks) Supposen] has the DTFTX (e/), and consider the signg|n] defined as

follows:
x[n/2] n even
yln] =
0 n odd

(@) Ploty[n]if z[n] is the following:
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(b) Find a general expression for the DTE{le’*) of y[n] in terms of X (7).

(a) The signal is expanded on theaxis as follows:
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(b) Since

V()= 3 ylnle

n=—o0
=+ y[-3]e?? + y[-2]e’? + y[-1]e?*! + y[0]e?“0 + y[1]e I?
FyfleT 4 yfgle I 4
= 4 07 + 2[—1]e/? + 067! + 2[0]e/ + 0e 7!
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n=—oo

we evidently havé” (e/*) = X (¢/(2%)), which is a compression of the signal on thexis.



4. (5 marks) A linear time-invariant system has system fonct

_62—2
- 62—3’

Find the impulse response of a stable inverse system. Igtl@sse system causal?

H(z) |z| > 1/2.

The system function can be written as

z—1/3 1-1/3271

HE =5 = 1012

so the inverse is
z—1/2 1-1/2271

z—1/3 1-1/3271"

This has a pole at = 1/3, so the two possible ROCs arg < 1/3 and|z| > 1/3. If

|z| > 1/3 then the inverse system is stable (ROC contains the uniet@ad it will also
be causal (ROC extends out to infinity).

G(z) =

The inverse in this case is the right-sided sequence

B = (1/3)™uln] — %(1/3)”_1u[n ).



Fourier transform properties

Sequences|n], y[n] TransformsX (e?*), Y (e7%) Property
az[n] + by[n] aX(e7¥) + by (%) Linearity
z[n — ng) e Ivnd X (eI?) Time shift
e?“0m z[n) X (ef(@—wo0)) Frequency shift
z[—n] X (e7I%) Time reversal
nz[n] '%ij) Frequency diff.
z[n] * y[n] X(e i)y (e79¢) Convolution
Modulation

z[n]y[n] 5m

= [T XY (2@ D)do

Common Fourier transform pairs

Fourier transform

Sequence
d[n] 1
d[n — no] e~Jwno
1 (—oo<n<oo) >R oo 27 (w + 27k)
a™uln] (ja] <1) Taeie
uln] 71_5173-“, +>52  mo(w+ 27k)
n 1
(n+1)a"u[n] (la] <1) (—ae—To)2
sin(wen) X(ejw) _ 1 |w‘ < we
o 0 we < |lw] <7
2[n] = 1 0< n.S M sin[:ijr(ll(\i—}-;))/Q]efjwM/z
0 otherwise
eJwon >R oo 27 (w — wo + 27k)

Common z-transform pairs

Sequence Transform ROC
é[n] 1 Al z

uln] e 2 > 1
—u[—n — 1] Fp— |z] <1

8[n — m] z=™ All z except0 or co
a™u[n] . — 2| > al
—a"u[—n — 1] e || < lal
nauln] ﬁ |z] > |a]
—na™u[—n — 1] ﬁ |z| < |al

a™ 0<n<N-1, __N_—N

{O oth_erwis_e 1 e =1 >0
cos(won)u[n] 1721C;:?j;“;2)_21_:z_2 |z] > 1
1—rcos(wg)z™ 2] > r

r™ cos(won)uln]

1—2rcos(w0)271+r2272




