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clear all
close all

fs = 8000;
Ts = 1/fs;

N = 10 case
N = 10;
n = 0:(N-1);
x = cos(2*pi*3000*(n*Ts))+cos(2*pi*3050*(n*Ts));
k = 0:(N-1);
Omega = (-N/2:(N/2-1))*2*pi/N;
f = Omega*fs/(2*pi);
X = fftshift(fft(x));
figure
stem(f,abs(X))
title('N = 10')
xlabel('f (Hz)')
ylabel('|X[k]|')
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Zero pad N = 10 case to 100 point DFT

Note: Do not recompute x[n]!
N = 100;
n = 0:(N-1);
k = 0:(N-1);
Omega = (-N/2:(N/2-1))*2*pi/N;
f = Omega*fs/(2*pi);
X = fftshift(fft(x,N));
figure
stem(f,abs(X))
title(['N = 10 (Zero padded to 100)'])
xlabel('f (Hz)')
ylabel('|X[k]|')
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prust
Text Box
Resolution here is fs/N = 800 Hz.  Therefore the sinusoids cannot be distinquished.



N = 100; recompute x[n]
N = 100;
n = 0:(N-1);
x = cos(2*pi*3000*(n*Ts))+cos(2*pi*3050*(n*Ts));
k = 0:(N-1);
Omega = (-N/2:(N/2-1))*2*pi/N;
f = Omega*fs/(2*pi);
X = fftshift(fft(x,N));
figure
stem(f,abs(X))
title('N = 100')
xlabel('f (Hz)')
ylabel('|X[k]|')
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prust
Text Box
Resolution here is fs/N = 80 Hz.  Since zero-padding is used, the spectrum contains 10x more samples.



N = 1000; recompute x[n]
N = 1000;
n = 0:(N-1);
x = cos(2*pi*3000*(n*Ts))+cos(2*pi*3050*(n*Ts));
k = 0:(N-1);
Omega = (-N/2:(N/2-1))*2*pi/N;
f = Omega*fs/(2*pi);
X = fftshift(fft(x,N));
figure
stem(f,abs(X))
title('N = 1000')
xlabel('f (Hz)')
ylabel('|X[k]|')
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prust
Text Box
Resolution here is fs/N = 80 Hz.  Since 100 actual samples of x[n] were used, the DFT begins to resemble a spectrum containing two impulses.
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prust
Text Box
DFT now shows two distinct peaks (as expected), with some "leakage" into nearby frequencies.
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