Harmonic Aliasing
Consider three periodic signals:

e 1(t) with period T1 = 1—11 seconds

e 15(t) with period Th = 1—12 seconds

e 13(t) with period T3 = 1—13 seconds

Each of these signals contains a fundamental component (at frequency w given by 27 divided by its period)
as well as harmonics 2, 3, 4, and 5, but not other frequencies.

Each of these continuous-time signals is sampled 40 times per second to generate corresponding discrete-
time signals:

e z1[n] = x1(n/40)
e 13[n] = x2(n/40)

Each of these discrete-time signals contains exactly five discrete-time sinusoidal components with frequen-
cies in the range 0 < Q2 < 7.

Each plot on the facing page shows the frequencies found in one of these DT signals. In the circle next to
each plot, write the name of the corresponding signal (either x1, z2, or x3).

Each of the DT frequency components is associated with one of the harmonics in the original CT signal. For
each DT frequency, write the number of the associated CT harmonic (1-5) in the box above that frequency.
If none of these harmonics could have produced a given frequency, enter an X in its box instead.

The fundamental component of the i*" CT signal ;(t) has the form eI2mt/Ti - Sampling this signal 40 times
per second results in a DT signal of the form e/27/(407%) "which has a DT frequency of 27 /(40T;) = 7/(20T}).
Thus the frequency of the fundamental component of z;[n] is 117/20.

The second harmonic frequency is 227/20, which is greater than 7. But its alias at 2w — 227/20 = 187 /20
is in the range [0, 7]. Thus the second harmonic of z1(t) generates a DT frequency of 187/20. The third
harmonic frequency is 337/20, which is greater than 7. It aliases to 2m — 337/20 = 77 /20 is in the range
[0, 7]. The fourth harmonic frequency is 447 /20, which is greater than 27. It aliases to 447 /20 — 2w = 47/20
is in the range [0,7]. The fifth harmonic frequency is 667/20, which is greater than 2m. It aliases to
55m/20 — 2 = 157/20 is in the range [0, 7].

These results for x1[n| and analogous results for x3[n| and z3[n] are summarized in the table on the next
page.
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117/20
2271 /20
33m/20
447 /20
551 /20

127 /20
247/20
367 /20
487 /20
607/20

137/20
267 /20
397 /20
521/20
657 /20

base-band alias [0, 7]

117/20
2w —227/20 = 187/20
271 —337/20 = 7w /20
44720 — 27 = 47/20
55m/20 — 21 = 157 /20

127 /20
2w — 247/20 = 167/20
o1 — 367 /20 = 47 /20
48720 — 21 = 87/20
607 /20 — 2 = 207 /20

137/20
2w — 26w /20 = 147 /20
o1 — 397 /20 = 17 /20
527 /20 — 27 = 127/20
47 — 657/20 = 157 /20




