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PROBLEM 1. 13 points (Paper and Pencil)

1. If we choose v (t) = sinc (), we obtain

s(t) = 3 s sine (t T”) .
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According to the sampling theorem, we can reconstruct s(t) from the values s = s(kT).
One can choose as well ¢(t) = % sinc (%) such that [|¢)(¢)[|* = 1. In this case, the samples

are scaled accordingly.

(f), we get ¥r(f) =
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3. S}-(f) =0 for f g [_%’ %] So fmzn = _% = _fmax-
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So the Nyquist criterion is fulfilled up to a scaling factor (of magnitude T').

5. The main advantage is that the pulse 1 (t) is the minimum-bandwidth Nyquist pulse (for
a given symbol period T'). The main drawback comes from the fact that ¢(¢) has infinite-
length tails, which decay very slowly. In practice, one has to truncate these tails, but this
results into an increased ISI and sensitivity to the sampling-time offset.

6. hvp(t) = ¥*(—t) = sinc(4). One can choose as well hyp(t) = 7 sinc (%) such that
Y}, = sk (in the absence of noise); or hyr(t) = ﬁ sinc (%) such that ||hyr|? = 1.

7. The noise variance at the output of the matched filter is ||hmr|?No. So it is TNy if
we choose hyp(t) = sinc (£), and 22 if we choose hup(t) = & sinc (4). If hur(t) =

L sinc (i), the noise variance remains unchanged.
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8. If we use fftshift, the frequency axis labelling is
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Otherwise, the first and second halfs of the vector above are swapped.



