
HU215: 2h Seir� Ask sewn
Paraskeu  7 MartÐou 2014

Par�dosh: Paraskeu  21 MartÐou 2014

AporÐec: hy215-list@csd.uoc.gr

1. Exereun¸ntac thn idèa tou Fourier

O J. Fourier prìteine thn anapar�stash enìc periodikoÔ s matoc wc �jroisma sunhmitìnwn, pija-

nìtata �peirwn to pl joc, me suqnìthtec akèraiec pollapl�siec miac jemeli¸douc. Gia par�deigma,

jewr ste thn anapar�stash enìc periodikoÔ s matoc x(t) wc �jroisma sunhmitìnwn diaforetik¸n

suqnot twn:

x(t) =
∞∑
k=0

Ak cos(2πfkt+ φk)

(aþ) An to x(t) èqei perÐodo T0, tìte poi� eÐnai h suqnìthta tou 8ou sunhmitìnou?

(bþ) 'Estw ìti

y(t) = 2 + 2 cos(2πt)− 3 cos(6πt+ π/4)

EÐnai to s ma periodikì? An nai, poi� h perÐodìc tou, T0? Poièc timèc èqoun ta Ak kai ta φk tou

y(t), ìpwc aut� orÐzontai sth sqèsh tou x(t)?

(gþ) 'Estw ìti

w(t) = 2 + 2 cos(2πt)− 3 cos(20t+ π/4)

EÐnai to s ma periodikì? ExhgeÐste.

2. F�smata Pl�touc kai F�shc

'Estw to s ma

x(t) = x1(t)x2(t) = {3 + 2 sin(2πt− π/8)} cos(2π4t)

(aþ) Gr�yte to x(t) wc

x(t) = A1 cos(2πf1t+ φ1) +A2 cos(2πf2t+ φ2) +A3 cos(2πf3t+ φ3)

ìpou f1 < f2 < f3.

(bþ) Sqedi�ste to f�sma pl�touc kai f�shc tou x1(t), kaj¸c kai tou x2(t).

(gþ) Sqedi�ste to f�sma pl�touc kai f�shc tou x(t), qrhsimopoi¸ntac to �jroisma pou anaptuxa-

te sto pr¸to er¸thma. SugkrÐnete ta f�smata tou x(t) me ta f�smata twn x1(t), x2(t). Ti

parathreÐte?
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3. An�ptugma se Seir� Fourier - I

Estw to periodikì s ma, me perÐodo T0

x(t) = 2− 2

T0
t, 0 ≤ t ≤ T0

(aþ) AnaptÔxte to se seir� Fourier.

(bþ) Sqedi�ste to f�sma pl�touc kai f�shc gia touc pr¸touc 5 ìrouc thc seir�c Fourier.

Bo jeia: Sac dinetai oti

∫
xeaxdx =

eax

a

(
x− 1

a

)
.

4. An�ptugma se Seir� Fourier - II

'Estw to s ma

x(t) = sin3(27πt)

AnaptÔxte to s ma se seir� Fourier. Poi� eÐnai h perÐodoc tou s matoc?

5. An�ptugma se Seir� Fourier - III

'Estw to s ma tou Sq matoc 1

x(t) =

 sin(2πf0t), 0 ≤ t ≤ T0
2

0, T0
2 < t ≤ T0

AnaptÔxte to s ma se seir� Fourier. Prosèxte ton ìro Xk gia k = 1! DiaqwrÐste ton upologismì

Sq ma 1: S ma 'Askhshc 5

tou apì touc ìrouc Xk, gia k 6= 0.
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6. Suntelestèc Fourier

Sac dÐnontai oi suntelestèc Fourier

Xk = j
1

2k

(aþ) Sqedi�ste to f�sma pl�touc kai f�shc tou s matoc gia k = ±1,±2,±3,±4.

(bþ) Oi suntelestèc autoÐ antapokrÐnontai sth seir� Fourier enìc s matoc, x(t). Autì to s ma eÐnai

pragmatikì? Fantastikì? Migadikì?

(gþ) UpologÐste touc suntelestèc Fourier tou s matoc
d

dt
x(t), dhl. thc parag¸gou tou s matoc

x(t).

Bo jeia: ParagwgÐste wc proc t ton tupo tou anaptÔgmatoc se ekjetik  seir� Fourier. Prospaj ste

na diaqwrÐsete touc nèouc suntelestèc apì ta migadik� ekjetik� s mata.

7. Seirèc Fourier sthn pr�xh! - MATLAB (bonus 10%)

(aþ) Sto m�jhma, deÐxate ìti to s ma

x(t) =

 1, 0 ≤ t ≤ T0
2

−1, T0
2 < t ≤ T0

anaptÔssetai se seir� Fourier wc

x(t) =
4

π

∞∑
k=0

1

2k + 1
sin[2π(2k + 1)f0t]

=
4

π
(sin(2πf0t) +

1

3
sin(2π3f0t) +

1

5
sin(2π5f0t) + · · · )

Oi parak�tw grammèc k¸dika upologÐzoun mia prosèggish tou s matoc x(t) qrhsimopoi¸ntac th

seira Fourier me 10 ìrouc. AnalÔste to prìgramma gramm -gramm , gia na to katano sete. Gia

aporÐec, steÐlte e-mail sth lÐsta.

T0 = 2; % Periodos shmatos (se sec) (epilegw opoia 8elw)

d = T0/600; % Posa shmeia ana periodo 8elw?

D = 3; % Poses periodous 8elw na exw?

N = 10; % Posous orous sth seira Fourier na ypologisw?

A0 = 0; % O prwtos oros einai mhden sto paradeigma mas

k = 0:N-1; % 8elw N orous ths seiras

Ak = 4/pi * 1./(2*k+1); % Oi 10 prwtoi oroi ths seiras

t = 0:d:D*T0; % O xronos t
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w0 = 2*pi/T0; % H kyklikh syxnothta (w0 = 2*pi*f0)

x = A0 + Ak*sin( ((2*k’ + 1)*w0) * t); % To shma!!! :)

plot(t,x); % Optikopoihsh!

xlabel(’Time (sec)’); % Gia omorfia :)

ylabel(’Amplitude’); % Gia omorfia :)

title(’Xmmmm... douleuei!’); % Gia omorfia :)

To apotèlesma faÐnetai sto Sq ma 2.
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Xmmmm... douleuei!

Sq ma 2: Seir� Fourier sto MATLAB

(bþ) BreÐte to anaptugma se seir� Fourier sto MATLAB, gia to s ma thc 'Askhshc 3 aut c thc sei-

r�c ask sewn. Tropopoi ste ton parap�nw k¸dika ¸ste na p�rete to apotèlesma pou jèlete.

8. Beethoven kai SÔnjesh Mousik c - MATLAB (bonus 10%)

Oi parak�tw entolèc sto MATLAB dhmiourgoÔn èna hmitonoeidèc s ma, di�rkeiac D = 1200 msec

(dhl. 1.2 sec), suqnìthtac f = 200 Hz, mhdenik c f�shc metatìpishc φ, kai monadiaÐou pl�touc A,

me suqnìthta deigmatolhyÐac fs = 11025 Hz.
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fs = 11025;

f = 200;

D = 1200;

t = 0:1/fs:D/1000;

sig = cos(2*pi*f*t);

An jèloume na to akoÔsoume, plhktrologoÔme

soundsc(sig, fs);

Ston parak�tw pÐnaka sac dÐnontai sthn pr¸th st lh oi pr¸tec 13 nìtec se morf  arijmoÔ pl ktrou

pi�nou, kai duo paÔseic (0) tou èrgou tou Beethoven, Fur Elise. Sth deÔterh sthlh eÐnai oi di�rkeiec

k�je nìtac se msec.

56 160

55 160

56 160

55 160

56 160

51 160

54 160

52 160

49 320

0 160

40 160

44 160

49 160

51 320

0 160

(aþ) UpologÐste th suqnìthta se Hz k�je nìtac ston parap�nw pÐnaka (exairoÔntai oi pauseic).

(bþ) Sunjèste tic parap�nw nìtec (me mhdenik  f�sh kai monadiaÐo pl�toc, opwc ston k¸dika para-

p�nw). Prosèxte, oi paÔseic eÐnai apl� èna mhdenikì di�nusma di�rkeiac 160 ms. ApojhkeÔste

k�je nìta se mia metablht -di�nusma, p.q. thn pr¸th nìta sth metablht  s1, th deÔterh nìta

sth metablht  s2, k.o.k.
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(gþ) Qrhsimopoi¸ntac tic parap�nw metablhtèc - dianÔsmata pou mìlic fti�xate (s1, s2, · · · ), dh-

miourg ste èna megalÔtero s ma pou perikleÐei ìla ta parap�nw s mata, dhl. èna megalÔtero

s ma pou apoteleÐtai apì ta epimèrouc s mata to èna dÐpla sto �llo. Autì lègetai sunènwsh

(concatenation). Gia na to k�nete auto, polÔ apl� gr�fete (èstw ìti sunen¸nete ta tria pr¸ta

s mata)

s = [s1 s2 s3];

An onom�sate to megalÔtero shma pou dhmiourg sate wc music, tìte me thn entol 

soundsc(music, fs);

mporeite na akoÔsete th mousik  pou mìlic sunjèsate! :-)
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