1.5.6 GENERAL FORM OF RESPONSE OF
LTI SYSTEMS

If both X(z) and H(z) are rational
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Accounting for poles with multiplicity > 1
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e Each term under summation will give rise to a
term in the output y(n).

e It will be causal or anticausal depending on
location of pole relative to ROC.



— poles between origin and ROC result in causal
terms

— poles separated from origin by ROC result in
anticausal terms

— for simplicity, consider only causal terms in
what follows



Real pole with multiplicity 1
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Complex conjugate pair of poles with multi-
plicity 1
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e sinusoid with amplitude 2| A| |p|"
— grows exponentially if |p| > 1

— constant if |p| =1

— decays exponentially if |p]| <1
e digital frequency wq = /p radians/sample

e phase /A
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Real pole with multiplicity 2
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i1§'(n+1) p" " u(n+1) = A(n+1) p"u(n)

Examples (A = 1)
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e Similar results are obtained with complex conju-
gate poles that have multiplicity 2.

e In general, repeating a pole with multiplicity m
results in multiplication of the signal obtained
with multiplicity 1 by a polynomial in n with
degree m—1.
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Stability Considerations

e A system is BIBO stable if every bounded input
produces a bounded output.

e A DT LTI system is BIBO stable <
Y | h(n)| < oo.
n

e Y |h(n)| < co = H(z) converges on the unit
n

circle.

e A causal DT LTI system is BIBO stable < all
poles of H(z) are strictly inside the unit circle.
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Stability and the general form of the
response

1. real pole with multiplicity 1

Ap"u(n) is bounded if |p| =1

2. complex conjugate pair of poles with multipli-
city 1

2|A| [p|" cos (/pn + /A) u(n)
is bounded if |p| = 1

3. real pole with multiplicity 2

A(n+1) p"u(n) is bounded if |p| <1
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