EEE4001F: Digital Signal Processing 1. (5 marks) Given the sequence
xz[n] = 20[n + 3] + (3 — n)(uln] — uln —3)]),
Class Test 1 [n] = 26[n + 3] + (3 = n)(u[n] — u[n —3])

sketch the following sequences (for —4 < n < 4):

20 March 2013 @ wi[n] = z[n]
(b) y2[n] = x[2n — 3]

(©) y3[n] = x[|n]].
Name:

Student number:

I nformation
e Thetest is closed-book.
e Thistest hasfour questions, totalling 20 marks.
e Answer all the questions.

e You have 45 minutes.




2. (5 marks) A linear time-invariant system has an impul se response given by 3. (5 marks) Consider two discrete-time LTI systems which are characterized by their

hn] = a=™u[—n], 0 < a < 1, where u[n] is the unit step sequence impulse responses k1 [n] = 6[n] — §[n — 1] and ha[n] = uln].
. -0 (a) Determine whether these two LTI systems are inverses of each other. Justify your answer.
n >
uln] = {0 <0 (b) Determine whether these systems are stable, memory-less, and causal. Justify your answer.
s n .

Determine the response to the input z[n] = u[n].



4. (5 marks) An LTI system is described by the input-output relation
y[n] = z[n] + 2z[n — 1] + z[n — 2).
(a) Determine theimpulseresponse h[n]

(b) Isthisastable system?
(c) Show that the frequency response of the system can be written as

H(e%) = 2¢79%(cos(w) + 1).

(d) Plot the magnitude and phase of H (/)

(€) Now consider anew system whose frequency responseis H, (/%) = H(e/(w+m),

Determine h, [n], theimpul se response of the new system.

Fourier transform properties

Sequences z[n], y[n) Transforms X (e*), Y (e7*) Property
az[n] + by[n] aX(e?*) + bY (e7) Linearity
z[n — ng) eTIwnd X (e1@) Time shift
eI@0m 1 [n] X (ed(@=wo)) Frequency shift
z[—n] X(e™7v) Timereversal
naln) X Frequency diff.
z[n] * y[n] X(eTI®)Y (e9%) Convolution

z[n]y[n]

L [T X(e’®)Y(e7“=9)de  Modulation

Common Fourier transform pairs

Sequence

Fourier transform

é[n]
8[n — ng)

1 (—o0<n < o0)

1
e—iwng

Done oo 2w (w + 27k)

a™uln] (la|] <1) T
u[n] o+ Tl o T (w + 2mk)
(n+1a"uln] (Ja| <1) m
sin(wen) X(e9¥) = 1 Jw] < we
o 0 we < |w| <7
1 0<n<M infw(M+1)/2] —
on] = : sn)[:;x(](w72))/ ] g—dwh/2
0 otherwise
eiwon SR oo 278 (w — wo + 27k)

Common z-transform pairs

Sequence Transform ROC

§[n] 1 All z
uln] |z| > 1
—u[—n —1] |z] <1

§[n —m] All z except 0 or co
a™uln] [z] > al
—a"u[—n —1] |z] < lal
na"uln] T |z| > |al
—na”u[—n — 1] ﬁ |z| < |al
" <n<N-— .

o >0
cos(won)u[n] 1*21;:((:51% |z| > 1
_ toroostwg)e=l ol > r

r™ cos(won)uln] 1—2rcos(wg)z 1 4+r2z=2




