HU215: 3^η SeirĹ Askăsewn

ParĹdosh: 23 NoembrÐou AporÐec:yannis@csd.uoc.gr

1. (aþ) Na upologÐsete ton met. Fourier tou sămatoc pou faÐnetai sto sqăma. 1aþ qrhsimopoiÿntac ton orismì tou met. Fourier (kai ìqi kĹpoia idiìthta autoÔ).

(bþ) GnwrÐzontac tÿra ìti x(t) = Arect( t T )^F↔ X(f) = AT sinc(T f) epibebaiÿste thn apĹnthsăsh sac sto (a) qrhsimopoiÿntac idìthtec tou met. Fourier.

2. (aþ) An to săma thc prohgoÔmenhc Ĺskhshc jewreÐtai periodikì me perÐodo T_0 = 2t_1, tìte ja mporeÐ na anaptuqjeÐ se seirĹ Fourier. DeÐxte ìti oi suntelestèc Fourier, X_k, tou periodikoÔ sămatoc mporoÔn na upologistoÔn apì ton met. Fourier, X(f), tou mh periodikoÔ sămatoc apì th sqèsh: X_k = 1 T_0 X(f) |_{f=kT0} SugkrÐnete to apotèlesma pou brăkate me autì pou upĹrqei stic shmeiÿseic (notes4.pdf, sel. 10).

(bþ) Epibebaiÿste me to Matlab ìti h seirĹ Fourier pou brăkate prĹgmati anaparistĹ to periodikì săma (paradÿste kÿdika se Matlab, kajÿc kai sqămata).

3. Na sqediĹsete to fĹsma plĹtouc kai fĹshc tou met. Fourier tou sămatoc thc prÿthc Ĺskhshc gia tic suqnìthtec: |f| ≤ 4/t_1. Shmeiÿste ìti to fĹsma fĹshc upologÐzetai modulo 2π (apì −π èwc π).

4. Na upologÐsete ton met. Fourier tou sămatoc:

x(t) = A T t 0 ≤ t ≤ T 0 alloÔ qrhsimopoiÿntac ton orismì tou metasqhmatismoÔ kai ìqi idiìthtec autoÔ.

5. Qrhsimopoiÿntac to apotèlesma thc prohgoÔmenhc Ĺskhshc kai idiìthtec tou met. Fourier upologÐste ton met. Fourier tou sămatoc pou faÐnetai sto sqăma. 5.

6. Na upologisteÐ o met. Fourier tou sămatoc pou prokÔptei apì thn prìsjesh twn shmĹtwn twn dÔo parapĹnw askăsewn. An x_f (T ) = sinc(fT ), deÐxte ìti o met. Fourier èqei th morfă: X(f) = AT [ x_f (2T ) − x^2_f (T ) ]

7. Na sqediĹsete to fĹsma fĹshc tou met. Fourier thc prohgoÔmenhc Ĺskhshc gia |f| ≤ 2/T .

Shmeiÿste ìti to fĹsma fĹshc upologÐzetai modulo 2π (apì −π èwc π). Me th boăjeia tou Matlab sqediĹste gia tic Ðdiec suqnìthtec to fĹsma plĹtouc thc parapĹnw sunĹrthshc, X(f).

8. SqediĹste to săma pou èqei met. Fourier: X(f) = AT sinc^2(fT ) Qrhsimopoiăste ta apotelèsmata twn prohgoÔmenwn askăsewn.

9. ParakĹtw sac dÐdetai o kÿdikac se Matlab gia ton upologismì tou met. Fourier enìc sămatoc kajÿc kai o upologismìc tou antÐstrofou met. Fourier. Ta oloklhrÿmata pou qreiĹzontai na upologistoÔn proseggÐzontai me th mèjodo Riemann. QrhsimopoioÔme wc parĹdeigma to săma x(t) = Arect( t T )

SqoliĹste ton kÿdika ìpou sac zhthjeÐ kai bèbaia na ton qrhsimopoiăsete. Apantăste idiaÐtera ta mèrh ìpou emfanÐzetai h lèxh ELEGXOS.

EÐnai polÔ qrăsimoc gia ton èlegqo twn apantăsewn stic askăseic sac allĹ kai ston èlegqo tou upologismoÔ Fourier me to Matlab.

ShmeÐwsh: To Matlab èqei dikă tou sunĹrthsh gia ton upologismì tou met. Fourier kai tou antistrìfou: fft, ifft antÐstoiqa. Parìla autĹ, o parakĹtw kÿdikac sac dÐnei plărh kai eÔkolo èlegqo.

% xronos ...
dt = 1/100; % deigmatolhpsia aksona xronou
A = 2; % platos shmatos
T = 1; % diarkeia se sec tou palmou
D = 2*T; % diarkeia se sec tou shmatos
t = -D/2:dt:D/2; % xronos
x = A*rectpuls(t,T); % shma
plot(t,x) % plot!! mmm...

% syxnothta ....
df = 1/(30*T); % deigmatolhpsia aksona syxnothtas
f = -3*pi:df:3*pi; % syxnothta

%%%%%%%%%%%%
% SXOLIASTE ton parakatv pinaka
% pinakas analyshs: met. Fourier.
M = exp(-j*(2*pi*t’*f));

%%%%%%%%%%%%
% SXOLIASTE ton parakatv pinaka
% pinakas synthesis: ant. met. Fourier.
Minv = exp(j*(2*pi*f’*t));

% upologismos met.Fourier (kata Riemann)
X = dt*x*M; % prosoxh ... einai migadikos

% plot fasma platos (magnitude) kai fasma fashs (phase)
subplot(211);plot(f,abs(X),’.’);ylabel(’magnitude’);
subplot(212);plot(f,angle(X),’.’);ylabel(’phase’);
xlabel(’Frequency in Hz’);

%%%%%%%%%%%%%%%%%%%
% ELEGXOS: Einai svsto to megisto tou fasmatos platovs?
% Ginetai o mhdenismos ekei pou preimenete?
% Sumfvneite me to fasma fashs? Poia diafora yparxei
% se sxesh me auta pou ma0ate sth 0ewria?

% thewrhtiko apotelesma
Xth = A*T*sinc(f*T);

% Sugkrish
subplot(211);plot(f,abs(X));ylabel(’magnitude’);
hold on;plot(f,abs(Xth),’g’);
legend(’Riemann’,’Theory’);hold off;
subplot(212);plot(f,angle(X));ylabel(’phase’);
hold on;plot(f,angle(Xth),’g’);
legend(’Riemann’,’Theory’);hold off;
xlabel(’Frequency in Hz’);

%%%%%%%%%%%%%%%%%%%
% ELEGXOS: Fainetai na yparxei diafora sto fasma fashs. Yparxei pragmati
% auth h diafora ’h oi faseis praktika einai idies?

% antistrofos met. Fourier - kratame to real meros. To imag einai
% para polu mikro kai ofeiletai se arithmitika sfalmata
xx = real(df*X*Minv);

% sugkrish:
clf;
plot(t,x);hold on;plot(t,xx,’g’);hold off