EEE4001F: Digital Signal Processing 1. (5 marks) Findv[n] = x{n] + y[1] with
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Information

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

e You have 45 minutes.




2. (5 marks) Consider the following discrete-time signal: 3. (5 marks) Consider the following LTI system:

yln]

x([n]
_ {sin(%) whenn /2 is an integer
x[n] =

otherwise

Calculate and sketch the 8-point DFT (magnitude and phdskgdirst 8 samples aof[n],
i.e. x[0], x[1], ..., x[7]. Show and motivate your calculations.

(a) Show that the system function is

z—=D(E+1)

H(z) =

(z — 0.9¢/7/6)(z — 0.9¢=J7/6)"

(b) Sketch the magnitude frequency respoigé/«)| over the rang® < o < 2x. Indicate
calculated amplitudes at = 0, w = %, andw = 7.



4. (5 marks) One of the simplest filters is a backward-difieeesystem, where Fourier transform properties

y[n] = x[n] = x[n —1]. Sequences(n], y[n] TransformsX (e/®), Y (e/®) Property
Using sketches, notes, and equations, justify why this iglagass filter. axtnl + byin] ax(erm) & brierty Hineanty
x[n —ngq] e /?@Nd X(e/?) Time shift
e/®0" x[n] X(e/@=@0)) Frequency shift
x[-n] X(e /@) Time reversal
nx[n] j —'Ixfafw) Frequency diff.
x[n] * y[n] X(e /)Y (e /®) Convolution
x[n]y[n] S [T X(e/9)Y (e/ D) db Modulation

Common Fourier transform pairs

Sequence Fourier transform
8n] 1
§[n —no) e—J@no
1 (—oo<n <o0) e oo 278 (0 + 27k)
a"uln] (la] <1) 17“‘—7/(0
u[n] e IR e 8w + 27k)
(n+Da"uln] (lal <1) L
e Xeioy=il  lel=e
0 we <|w|<m
xn] = 1 0<n S M sl M+ 1)/2] o~ M/2
0 otherwise @/2)
e/@won YR oo 278(0 — wo + 27k)

Common z-transform pairs

Sequence Transform ROC
8[n] 1 Al z
uln] lz| > 1
—u[—n—1] Izl <1
§[n —m] All z except0 or co
a"*uln] |z| > |a|
—a"u[-n—1] |z| < lal|
na"uln] |z| > |a|
— n [ — —az
nau[—n —1] (a2 |z < lal
a” 0<n<N-1, _ N.—N
- e |zl >0
0 otherwise az
cogwon)uln] 1—2005((1::))2*1#»2*2 lz| > 1
1—rcodwg)z— \Z\ >r

n _
r" codwon)u(n] 1—-2r cosw)z— 1 +r2z72




