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1. AnaptÔxte se seir� Fourier to periodikì, me perÐodo T , s ma:

x(t) =





1 0 ≤ t <
T

2

− 2

T
t + 2

T

2
≤ t < T

kai epibebai¸ste me to Matlab th lÔsh sac. Parad¸ste kai k¸dika se Matlab kaj¸c kai

sq mata me diaforetikì pl joc suntelest¸n thc seir�c Fourier.

2. Estw to s ma:

x(t) = sin2 (5πt) cos (22πt)

BreÐte thn perÐodo, T , tou s matoc kai upologÐste to olokl rwma:
∫ T

0
x2(t)dt

3. DÔo migadik� pl�th, X1 kai X2, kinoÔntai sto migadikì epÐpedo se kÔklo me aktÐna r kai

kuklikèc suqnìthtec ω1 kai ω2 = 2ω1, antÐstoiqa. Oi arqikèc jèseic twn migadik¸n plat¸n

eÐnai φ1 = π/4 kai φ2 = π/8, antÐstoiqa. Sqedi�ste to f�sma pl�touc kai f�shc tou s matoc

pou par�goun me thn kÐnhs  touc ta migadik� pl�th kaj¸c kai thn èkfrash tou s matoc

sto pedÐo tou qrìnou. Pìso posostì thc enèrgeiac tou s matoc se mia perÐodì tou èqei

katanemhjeÐ sth suqnìthta ω1 kai pìso posostì sth suqnìthta ω2?

4. Ena pragmatikì periodikì s ma x(t) èqei anaptuqjeÐ se seir� Fourier kai gia tic suqnìthtec

100 Hz, 200 Hz, 300 Hz, kai 400 Hz èqei antÐstoiqa migadik� pl�th:

X1 = ejπ/3 X2 = 2ejπ/4 X3 = 3ejπ/16 X4 = 2ejπ/3

Ena deÔtero pragmatikì periodikì s ma y(t) èqei anaptuqjeÐ se seir� Fourier kai gia tic

suqnìthtec 50 Hz, 100 Hz, 150 Hz, kai 200 Hz èqei antÐstoiqa migadik� pl�th:

Y1 = 3ejπ Y2 = 2ejπ/3 Y3 = ejπ/16 Y4 = ejπ/4
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Allec suqnìthtec den perièqontai sta s mata x(t) kai y(t). Na upologÐsete ta oloklhr¸mata:

1

T1

∫ T1

0
x2(t)dt

1

T2

∫ T2

0
y2(t)dt

1

T2

∫ T2

0
x(t) y(t)dt

opou T1 kai T2 eÐnai antÐstoiqa oi perÐodoi twn shm�twn x(t) kai y(t).

5. JewroÔme to periodikì s ma:

x(t) =





1 |t| ≤ tc

0 tc ≤ |t| ≤ T0/2

ìpou T0 eÐnai h perÐodoc tou s matoc kai tc < T0/2. DiakrÐnoume dÔo peript¸seic. Sthn

pr¸th perÐptwsh jewroÔme tc = T0/3 en¸ sth deÔterh jewroÔme tc = T0/5.

(aþ) Gia k�je mia apì tic parap�nw peript¸seic sqedi�ste to s ma x(t) gia −2T0 ≤ t ≤ 2T0.

(bþ) Gia k�je mia apì tic parap�nw peript¸seic anaptÔxte to x(t) se seir� Fourier.

(gþ) Gia k�je mia apì tic parap�nw peript¸seic sqedi�ste to f�sma pl�touc kai f�shc gia

−10 2πf0 ≤ f ≤ 10 2πf0 ìpou f0 = 1/T0.

(dþ) OrÐzoume wc eÔroc z¸nhc qrìnou, ∆t, to qronikì di�sthma pou perièqei thn perissìterh

enèrgeia tou s matoc se mia perÐodo. Gia thn �skhsh aut  eÐnai fanerì ìti ∆t = 2tc.

Omoia orÐzoume eÔroc z¸nhc suqnot twn, ∆f , thn apìstash se Hz twn dÔo pr¸twn

mhdenism¸n tou f�smatoc pl�touc ekatèrwjen thc f = 0.

UpologÐste se k�je mia apì tic dÔo parap�nw peript¸seic to eÔroc z¸nhc qrìnou kai

suqnìthtac. DeÐxte ìti se k�je perÐptwsh isqÔei ìti:

∆t ∆f = c

ìpou c mia stajer�. H parap�nw sqèsh eÐnai an�logh me thn arq  thc abebaiìthtac sthn

Kbantomhqanik . UpologÐste th stajer� c kai sqoli�ste thn parap�nw sqèsh.

6. Mia kathgorÐa shm�twn ìpou h suqnìthta all�zei me to qrìno eÐnai ta chirp s mata:

x(t) = A cos (ψ(t))
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ìpou h f�sh ψ(t) eÐnai mia apl  sun�rthsh deutèrou bajmoÔ wc proc to t. Mia pio polÔplokh

f�sh mporeÐ na qrhsimopoihjeÐ sthn diamìrfwsh kat� suqnìthta (Frequency Modulation,

FM):

ψ(t) = 2πfct + I(t) cos (2πfmt + φm) + φc

ìpou qrhsimopoi¸ntac èna metablhtì pl�toc wc proc to qrìno, èqoume to s ma

x(t) = A(t) cos (ψ(t))

H diamìrfwsh se suqnìthta èqei pollèc efarmogèc stic thlepikoinwnÐec kai sth sÔnjesh

hlektronik c mousik c me synthesizers.

(aþ) UpologÐste th stigmiaÐa suqnìthta tou x(t) ìtan

I(t) = I0e
−t/τ

ìpou I0 mia stajer�.

(bþ) Jewr¸ntac epÐshc

A(t) = A0e
−t/τ

me A0 = 1, kai me tic upìloipec timèc na eÐnai I0 = 10, fc = 110 Hz, fm = 220 Hz

φm = φc = −π/2 kai τ = 2 sec. mporeÐte na sunjèsete èna polÔ fusikì  qo kamp�nac.

Gr�yte èna k¸dika se Matlab pou na sunjètei to s ma x(t) me ta stoiqeÐa pou sac

dÐnontai, qrhsimopoi¸ntac wc suqnìthta deigmatolhyÐac fs = 11025 Hz kai sunolik c

di�rkeiac T = 6 sec. Sth selÐda tou maj matoc sac dÐnetai to s ma pou ja prèpei na

sunjèsete wc kampana1.wav. SugkrÐnete to s ma pou eseÐc sunjèsate me autì pou

eÐnai sth selÐda.

Prospaj ste na par�getai kai èna deÔtero  qo kamp�nac me diaforetikoÔc paramètrouc,

p.q. I0 = 3, fc = 250 Hz, fm = 350 Hz, τ = 1 kai ìloi oi �lloi par�metroi paramènoun

Ðdioi.

Se k�je perÐptwsh sqedi�ste me th bo jeia tou Matlab th stigmiaÐa suqnìthta tou

s matoc wc proc to qrìno.
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