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. Kleist� kinht�.Jèma 1: (22%) Ta (a) kai (b) e�nai anex�rthta erwt mata. Apant ste analutik�.
(a) Sto sÔsthma tou sq mato
, h e�sodo
 e�nai h x[n] = δ[n] . Sqedi�ste to pl�to
 kai thnf�sh tou Y (e j ω ) th
 exìdou (gia |ω| < π ).

x[n] y[n]
3e−  ω/3j

(b) Poia e�nai h èxodo
 y[n] tou sust mato
 tou sq mato
, ìtan h e�sodo
 x[n] e�nai h
x[n] =

[

sin(π n/8)

πn

] 2

x[n] y[n]
4 4

− π/4 π/4

1
H(e    )ωj

ωJèma 2: (28%) D�netai to aitiatì, grammikì, qronik� anallo�wto sÔsthma:
H(z) =

( 1 − 0.5 z− 1 ) ( 1 + 4 z− 2 )

( 1 − 0.64 z− 2 )
.

(a) Sqedi�ste to di�gramma ulopo�hs 
 tou se kanonik  morf  (direct form) I kai II, ìpw
kai èna di�gramma ulopo�hs 
 tou se seir� (cascade).
(b) Sqedi�ste to di�gramma mhdenik¸n kai pìlwn tou.
(c) Ekfr�ste th sun�rthsh metafor�
 w
 ginìmeno sust mato
 el�qisth
 f�sh
 (minimum

phase), H1(z) , kai oloperatoÔ (all pass), Hap(z) , dhlad  H(z) = H1(z) Hap(z) , kaisqedi�ste ta diagr�mmata pìlwn/mhdenik¸n tou
.
(d) Ekfr�ste th sun�rthsh metafor�
 w
 ginìmeno enì
 �llou sust mato
 el�qisth
 f�sh
(minimum phase), H2(z) , kai enì
 sust mato
 peperasmènh
 kroustik 
 apìkrish
,grammik 
 f�sh
 (F.I.R., linear phase), Hlin(z) , dhlad  H(z) = H2(z) Hlin(z) , kaisqedi�ste ta diagr�mmata pìlwn/mhdenik¸n tou
.1



Jèma 3: (25%) Ta (a) kai (b) e�nai anex�rthta erwt mata. Apant ste analutik�.
(a) 'Estw ìti to f�ltro diakritoÔ qrìnou d�netai apì thn:

H(z) =
6

1 − e− 0.3 z− 1
−

3

1 − e− 0.6 z− 1
.To f�ltro autì èqei sqediaste� me thn mèjodo th
 amet�blhth
 kroustik 
 apìkrish
(implulse invariance) me b�sh èna f�ltro suneqoÔ
 qrìnou, qrhsimopoi¸nta
 th sqèsh

h[n] = 3 hc(3 n) metaxÔ twn kroustik¸n apokr�sewn tou f�ltrou diakritoÔ kai suneqoÔ
qrìnou. Bre�te m�a sun�rthsh metafor�
 tou f�ltrou suneqoÔ
 qrìnou, Hc(s) , apì thnopo�a mpore� na proèkuye to dojèn f�ltro diakritoÔ qrìnou.
(b) Sqedi�ste èna katwperatì (lowpass) f�ltro Butterworth t�xh
 1 me suqnìthta sthnapìsbesh 3 dB �sh me ωc = 0.8 π . Qrhsimopoie�ste ton di-grammikì metasqhmatismì,ìpw
 ep�sh
 kai thn mèjodo amet�blhth
 kroustik 
 apìkrish
. Bre�te ti
 H(z) se k�jeper�ptwsh. D�netai ìti tan (0.4 π) = 3.078 .Jèma 4: (25%) Ta (a) kai (b) e�nai anex�rthta erwt mata. Apant ste analutik�.
(a) Upolog�ste thn kuklik  sunèlixh twn akolouji¸n:

x[n] = 6 δ[n] + 5 δ[n − 1] + 4 δ[n − 2] + 3 δ[n − 3] + 2 δ[n − 4] + δ[n − 5]kai
h[n] = δ[n] + δ[n − 4] ,gia N = 6 kai gia N = 10 .

(b) D�netai to s ma:
x[n] =











cos (π n/6) , 0 ≤ n ≤ 35

cos (π n/2) , 36 ≤ n ≤ 71

0 , alloÔtou opo�ou jèloume na ektim soume to fasmatìgramma. Upolog�ste (kai sqedi�sete se
3 − D) ta de�gmata

X[rR, k] =

L−1
∑

m = 0

x[rR + m] w[m] e− j (2 π/N) k m ,gia −∞ < r < ∞ kai 0 ≤ k ≤ N − 1 , ìpou to w[n] e�nai èna orjog¸nio par�jurom kou
 L = 36 , o DFT èqei m ko
 N = 36 , kai h deigmatolhy�a sto qrìno g�netai ep�sh
me R = 36 .
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