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Problem 4

For this problem, we have a window between 0 seconds
and 1 second. The window has a CTFT as shown below:

Note that the phase is linear, but with phase jumps each time changes sign. The signal has
frequency rad/s, so this window is shifted to the left and right by rad/s and summed in
complex value.



When xw(t) is sampled, we
make the CTFT periodic:

These are pairs of sinc functions centered at rad/s in . Next, we sample this periodic

function in frequency, with a period of rad/s.

(Note that I have normalized the axis in the above plot by to make the even multiples of stand out
from the odd multiples of )



Effect of window length: Since the sincs are centered on odd multiples of , you can see that we are no
longer sampling zeros of the sinc, but the center of each side lobe. In general these values will be
complex, so you can see that at each lobe the phase is non zero. The residual energy around the actual
frequency in the DFT will be as a result of the fact that there are a non integer number of periods in the
original signal that we measured.

Effect of window time shift: The complex value of the sampled CTFT comes from the fact that we had a
time shift in the original window. Note that if the window had been centered at t=0, the sampled CTFT
would have been real valued.

Interpreting the real and imaginary part of the DFT: The phase of the DFT can be seen from taking the
arctangent of imaginary part over real part:

The imaginary part looks like a tangent function over k, so taking the arctangent will give a linear phase
angle, which is consistent with our plot of phase above.


