EEE4001F: Digital Signal Processing
Class Test 1

11 March 2010

Name:

Student number:

Information
e The testis closed-book.
e This test hagour questions, totalling 20 marks.
e Answerall the questions.

e You have 45 minutes.

. (5 marks) Ifx[n] is the signal

then sketch the following:
(@) x1[n] = —x[n + 2]
(b) x2[n] = x[2n + 1]

(€) x3[n] = {x[n/2] n even
0 n odd

(@) xa[n] = 3(x[n] + x[-n]).
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3. (5 marks) Consider two systems described by the followiregar constant coefficient

. (5 marks) A linear system has the relationship
o0 difference equations:
= k —2k
yinl k;_:oox[ Jeln = 24] yIn] = 0.2y[n — 1] + x[n] + 0.3x[n — 1] + 0.02x[n — 2]
between its input[n] and its outputy[n], whereg[n] = u[n] — u[n — 4]. Y] = x[n] = 0.Lx[n —1].
Prove that the two systems are equivalent.

(a) Determiney[n] whenx(n] = 8[n — 1].
(b) Determiney[n] whenx[n] = §[n — 2].
(c) Isthe system LTI?



4. (5 marks) The input[n] and the outpup[n] of a causal system obeys the relationship
y[n] = x[n] + 0.3y[n —2].

Find the impulse response, and determine whether the systHBO stable or not.

Fourier transform properties

Sequences(n], y[n] TransformsX(e/®), Y (e/®) Property
ax[n] + by[n] aX(e’®) + bY(e/?) Linearity
x[n —ngq] e~/ X (e/®) Time shift
e/®0" x[n] X(e/(@—20)) Frequency shift
x[-n] X(e /) Time reversal
nx[n] %{jw) Frequency diff.
x[n] * y[n] X(e /)Y (e /®) Convolution
x[n]y[n] S [T X(e/9)Y (7 @~D)db Modulation

Common Fourier transform pairs

Sequence Fourier transform
§[n] 1
8[n —nol e—Jwng

1 (—oo<n < o0)
a"uln] (la] <1)
u[n]
(n+Da"uln] (lal <1)

sin(wen)
n

0<n<M
x[n] = )
0 otherwise
eJwon

e oo 278 (0 + 27k)
1

l—ae—/®
1 o)
Te—To + Y he oo T8 (w + 27k)
1
(1—ae—/®)2
. 1 |lw| < we
X(e/®) = ¢
0 we <|w|<m

sm[w(M+l)/2]e—jwM/2
sin(w /2)

YR oo 278(0 — wo + 27k)

Common z-transform pairs

Sequence Transform ROC
8[n] 1 Al z
uln] P— |z > 1
—u[—n—1] 1_1—1 Izl <1
§[n —m] z—m All z except0 or co
auln] Th—" |z > la]
—a"u[—n—1] l_alz_] |z| < la|
na"uln) |z| > |a|
1
—na"u[—n—1] 7(]f(;_,l)2 |z] < lal
a” 0<n<N-1 N.—N
<n< -
i ’ EETa |z1>0
0 otherwise a
1
1—codw()z
codwon)uln] ;’—1*2005(010)2714»272 |z| > 1
r’ codwon)uln] Lr codeg)z lz[>r

1—-2r cosw)z— 1 +r2z72




