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Poles and Zeroes

If  is a rational function,

if  and , we can factor out  and :

 and  can be expressed in factored form:

or,

where .
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A zero is defined as a value of  for which .

A pole is defined as a value of  for which .

 has  finite zeros at .

 has  finite poles at .

if ,  has  zeros at  (repeated roots).

if ,  has  poles at the origin (repeated roots).

Note also that, when ,  can have poles and zeros at .
In general, if we count the poles and zeros at ,  has the same
number of poles and zeros.

Obviously, the ROC of a -transform should not contain any poles.

Example:

, ROC:

one zero at ; one pole at
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Example:

Note: this is a finite duration signal!

roots at , which has  roots at

.

Note that the zero at  cancels the corresponding pole.

Hence, finite duration signals are composed of ALL ZEROES!
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Example:
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Pole Location and Time-Domain Behavior for Causal Signals
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The System Function of a Linear Time-Invariant System

Take the -transform:

or,

FIR Filter (all zeros/moving average):

IIR All-Pole Filter (all poles/autoregressive):

The general case, FIR and IIR is obviously IIR, and is called an
autoregressive moving average (ARMA) filter.
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Example:

Note:

Note: Think about implementing filters by decomposing the -transform of
the transfer function into components.
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