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Relationship of Pole-Zero Plot to Frequency Respon:

Zeros
* Roots of the numerator
* “Pin” the system to a value of zero

Poles
* Roots of the denominator
« Cause the system to shoot to infinity



3D Visualization of the Pole-Zero Plot

Visualize
* The real-imaginary plane is a “stretchy material”
« Every zero pins this material down to a valueeyoz

« Every pole can be imagined as an infinitely tallgsstick
that pushes the “stretchy material” up to infinity

 The system is then defined by the contour of iiaserial




Frequency Response Determination

Frequency Response

Ignores the transients
(magnitude of the poles)

*Only looks at the steady-state
response (frequency is given by
the angle of the poles)

< re”
el etr = 1 > on the unit circle
«d® - gives the angle




Frequency Response Determination

Frequency Response

Ignores the transients
(magnitude of the poles)

*Only looks at the steady-state
response (frequency is given by
the angle of the poles)

p L= ree
el etr = 1 > on the unit circle
«d® - gives the angle

Frequency response plot
can be taken from the
contour of the pole-zero
plot arounahe unit circle
(from —xt to )
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First-Order Systems — Varying Pole Position (a > 0)

Normalized Magnitude Frequency Response

Frequency-Domain Response
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 Lowpass filter (from O tox)
Increasing the pole decreases
the corner frequency
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» Lowpass filter

*The smaller |a| is, the faster the
decay (small time constant =
high corner frequency)
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First-Order System (a=-0.5)
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Imaginary Part
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First-Order System (a=-0.9)
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First-Order Systems — Varying Pole Position (a < 0)
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* Highpass filter (from O tar)
Increasing the pole decreases
the corner frequency
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* Highpass filter

*The smaller |a| is, the faster the
decay (small time constant =
high corner frequency)

 Oscillation from a first-order
system 12



Imaginary Part

Second-Order System (0.3, 0.8)
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Complex Poles
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Complex Poles — Varying the Magnitude
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Complex Poles — Varying the Angle
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Higher-Order Frequency Responses
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Discrete-Time Frequency Responses in MATLAB

Use the “freqz” function

num = [1 0];
den =[1 -0.5];
ww = -pi:0.01:pi;

[H] = freqz(num,den,ww);

figure;
plot(ww,abs(H));
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