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As we saw last time and throughout this course, it is useful to model the inputs and outputs of systems
as vectors, and then study representations of these vectors in bases. There are two priwary reasons for
this. First, the responses of a linear system to a few specific vectors completely determine its response
to any vector representable as a linear combination of these few vectors.

Second, a good basis may provide a more compact, or sparse, representation for a class of signals,
leading to compression, noise reduction, or some other type of ephancement. m
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e Appropriate basis =

— compression
- noise removal

— enhancement
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For LTI systems, we also found that representing signals as sums of complex expuuentials was partic-
ularly convenient.

1 Definition #. A4 vector is an eigenvector of a lincar systcm S if
S5(v)=av

The scalar o is then called the corresponding eigenvalue.

What we found was that a complex exponential function of any frequency was an eigenvector {or an
eigenfunction) of any LTI system with absolutely summable impulse response.
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This says that, if the input to such a system is a complex exponential, the calculation of the output
is trivial: it’s just the input multiplied by a complex number.

Now, which signals can be represented as linear combinations of these complex exponeﬂt'ﬁﬂé‘f I
turns out Lhat, for infinite-duration, non-periodic signals, a finite or even countable.number of these
exponentials’is not enough. In other words, in order to represent, for exa.mple,»eﬂ'['ﬁﬁ;:-energy signals,

we have to have an ungountable £ eomplex-exponentials
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This sitﬁﬁon is quite involved, and therefore we didn’t go info any deep analysis heds. The situation

th N-veriodic s .
)rrt periodic sequences, however, was much simpler, and we did analyze it in depth. What we saw

—y

2




i e

is that we needed only N complex exponentials to represent any periodic sequence with period N:
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The weights V (k) are found frofi the DFT:
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