


Fall 2010 parts (d) and €

A transient signal is a rectangular windowed sinewave containing exactly 5 periods of the 

sinewave whose frequency is 100 Hz.   

(d) How would you use an N-point Discrete Fourier Transform to produce a detailed picture 

(e.g., a frequency spacing of 0.1 Hz) that is an approximation of the Fourier transform of 

the continuous tone-burst signal?  Assume the signal is sampled at 1000 samples per 

second to produce the input into the DFT. 

(e) How does aliasing affect the spectrum generated in part (d)

SOLUTION

(d) Zero pad the sampled signal to N points.  This gives a more detailed picture of the underlying 
Fourier transform of the sampled signal,  Xs(f). 

For the frequency spacing to be  0.1 Hz, I need to transform data that is at least 10 seconds long.
So I can take the 50 data points in the tone burst (0.05 seconds of data) and zero pad to a number of 
points that is >= 10 seconds x 1000 samples per second = 10,000 points. The nearest power of 2 to 
this is 16,384.  I could use this or compromise and make the resolution a little bigger and zero pad to 
N=8192 points (frequency resolution will be a little less than 1/8th Hz). A 10,000 point transform is 
possible but it is more efficient to choose N equal to a power of 2. 

I will also have to scale the N-point Discrete Fourier Transform by the sampling interval to 
compensate for the (1/) that is introduced into the spectrum when sampling occurs. 

(e) Note there will be some aliasing during sampling because when the sinewave is windowed the 
spectrum becomes W(f) convolved with X(f), and so the Fourier transform of the windowed signal is 
not bandlimited:

Y(f) = W(f)*X(f) = -0.5j A W(f-100) +0.5j A W(f+100), 

where A is the amplitude of the sinewave. For a rectangular window W(f) = T sinc(πfT). While this 
decays away (as 1/f), W(f-100) and W(f+100)  will have non-zero values at frequencies above the 
sample rate (1000 samples per second). 






















