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(1) Always causal.
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Most useful LTI systems can be described by
a difference equation:
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∑M
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⇔ ∑N
r=0 a[r]y[n− r] =

∑M
r=0 b[r]x[n− r] with a[0] = 1
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⇔ Y (z) = B(z)
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⇔ Y (ejω) = B(ejω)
A(ejω)X(ejω)

(1) Always causal.
(2) Order of system is max(M,N), the highest r with a[r] 6= 0 or
b[r] 6= 0.
(3) We assume that a[0] = 1; if not, divide A(z) and B(z) by a[0].
(4) Filter is BIBO stable iff roots of A(z) all lie within the unit circle.

Note negative sign in first equation.
Authors in some SP fields reverse the sign of the a[n]: BAD IDEA.
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Factorize H(z) = B(z)
A(z)=

b[0]
∏

M
i=1(1−qiz

−1)
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y[n] = (1− p)x[n] + py[n− 1]⇒ H(z) = 1−p

1−pz−1

Impulse response:
h[n] = (1− p)pn = (1− p)e−

n
τ
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− ln p

is the time constant in samples.

Magnitude response:
∣
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∣

∣ = 1−p√
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Low-pass filter with DC gain of unity.
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− ln p
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∣
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Low-pass filter with DC gain of unity.

3 dB frequency is ω3dB = cos−1
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∣
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(
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In an allpass filter, the zeros are the poles reflected in the unit circle.
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• Lowest possible group delay for a given magnitude response
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• Energy in h[n] is concentrated towards n = 0
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The phase of a linear phase filter is: ∠H(ejω) = θ0 − αω

Equivalently constant group delay: τH = −d∠H(ejω)
dω

= α

A filter has linear phase iff h[n] is symmetric or antisymmetric:
h[n] = h[M − n] ∀n or else h[n] = −h[M − n] ∀n
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For further details see Mitra: 6, 7.
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filter filter a signal
impz Impulse response

residuez partial fraction expansion
grpdelay Group Delay

freqz Calculate filter frequency response
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