ECS 332: Solution for Problem Set 4

Problem 1: Aliasing and periodic square wave

In the time domain, the switching between the values -1 and 1 should be faster as we increase
fo. In the frequency domain, we should get impulses (spikes) at all the odd-integer multiples of
1fo Hz. The center spikes (at £fy) should be the largest among them. All the plots below are
adjusted so that they show 10 periods of the “original signal” in the time domain.

From the plots, as we increase f, from 10 to 20 Hz, the locations of spikes changes from all the
odd-integer multiples of 10 Hz to all the odd-integer multiples of 20 Hz. In particular, we see the
spikes at +20, £60, +100, +£140, £180, +220, £260, £300, +340, £380, £420, +460. Note that
plotspec only plots from [-f/2,fs/2). So, we see a spike at -500 but not 500. Of course, the
Fourier transform of the sampled waveform is periodic and hence when we replicate the
spectrum every f;, we will have a spike at 500. Note that in reality, we should also see spikes at
1540, £580, £620, £660, and so on. However, because the sampling rate is 1000, these high
frequency spikes will suffer from aliasing and fold back into our viewing window [-fs/2,f,/2).
However, they fall back to the frequencies that already have spikes (for example, £540 will fold
back to +460, and 580 will fold back to +420) and therefore the aliasing effect is not easily
noticeable in the frequency domain.

When f, = 40, we start to see the aliasing effect in the frequency domain. Instead of seeing
spikes only at 40, +120, £200, £280, £360, +440, the spikes at higher frequencies (such as
1520, £600, and so on) fold back to lower frequencies (such as £480, +400, and so on). The plot
still looks OK in the time domain.
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At high fundamental frequency f, = 100, we see stronger effect of aliasing. In the time
domain, the waveform does not look quite “rectangular”. In the frequency domain, we only
see the spikes at £100, £300, and 500. These are at the correct locations. However, there
are too few of them to reconstruct a square waveform. The rest of the spikes are beyond
our viewing window. We can’t see them directly because they fold back to the frequencies
that are already occupied by the lower frequencies.
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Our problem can be mitigated by reducing the sampling interval to Ts = 1/1e4 instead of Ts =
1/1e3. Now, the spikes show up again as shown by the plot on the right above.

Finally, at the highest frequency f, = 300, if we still use T = 1/1e3, the waveform will be
heavily distorted in the time domain. This is shown in the left plot below. We have large
spikes at +300 as expected. However, the next pair which should occur at £900 is out of the
viewing window and therefore fold back to £100. Again, the aliasing effect can be mitigated
by reducing the sampling time to T = 1/1e4 instead of T = 1/1e3. Now, more spikes show up
at their expected places. Note that we can still see a lot of small spikes scattered across the
frequency domain. These are again the spikes from higher frequency which fold back to our
viewing window.
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Q2 Nyquist sampling rate and Nyquist sampling interval
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So, 1£°V sinc (10077t) +Sinc LSOF{-)J B = wax 51'50/25'} =50 H 2
(3) Use +re observat;on from perks  (b) ond (L),
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Q3 Sinc Reconstruction of Sinc
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®Obeevvation : As we incveose th number ot ferms 1A Pre gum.-na.,i"tov\J 3({')
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ECS332 HW4 Sol Page 5





