LTI systems with the z-transform
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e What do you call a LCCDE system where N = 07? FIR
e What can you tell me about the impulse response of system where N > (07 ITIR

e When is an LTI system BIBO stable? i ‘k[v\]] < oo
Az-00



Three identities we will use below

e Linearity:
Z{azx[n] + Py[nl]} = aZ{xz[n]} + fZ{y[n]}

e Time shift:
Z{z[n — K]} = 27 Z{x[n]}

e Convolution:
Z{z[n] x y[n]} = Z{z[n]} - Z{y[n]}



Transfer function

Linear time-invariant (LTI) system:
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Transfer functions of LCCDE systems
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Poles and zeros
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All-pole and all-zero systems
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With N = 0 we have an all-zero system = FIR:
H(z) =by+biz 4oz 24 ... +bpyz ™

(Still have M poles at origin.)

With M = 0 we have an all-pole system = IIR:
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(Still have N zeros at origin.)
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Stability of causal LTI systems

BIBO stable: > |h[n]| < oo (necestary and s.biciont)

n=-—oo

Let us look at how the pole placement in H(z) affect the summability of the resulting impulse
response h[n] for a few systems.
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System with real poles




System with single real pole:  H(z) =

a stable W(i*)?
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System with complex pole pair

A A*

H =
(2) 1—pz—1 + 1—p*2—1

Using tables, the inverse z-transform is:

hln] = Z7H{X (2)} = A-p" -u[n] + A* - (p)" - uln]
With p = re/«o:
hln] = A-p" - u[n] + A" - (p*)" - u[n]
=[A-p"+ A" (p*)"] uln] ) p= R
= [Ar"ed“o™ 4 A* eI un] ) . [H\~C,Z3LA'
_ |A|’Im [ej(w0n+4A) + e—j(wgn—&-éA)} U[’I’L]

= 2|A|r" cos(won + LA) uln]



System with complex pole pair, p = re/«o:

H(z) A A*

< hin] = 2|Alr" cos(won + ZLA) u[n]

1 —pz~1 + 1—p*z—1

Stability: A causal LTI system is BIBO stable if and only if its poles are inside r < 1.



