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Second-order systems
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e For 0 < ( <1, c¢; and cy are complex conjugate

h(t)=...= % [Sil’l (wn 1— Czt)} u(t) underdamped
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e For 0 < ( <1, ¢ and cy are complex conjugate

h(t)=...= % [Sin (wn 1-— C%)} u(t) underdamped

e For ( > 1, cq and cy are real negative

h(t)=...= —42_ [e2t — et u(t) overdamped
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e For 0 < ( <1, c¢; and cy are complex conjugate

h(t)=...= % [Sin (wn 1-— Cztﬂ u(t) underdamped

e For ( > 1, cq and cy are real negative

h(t) =...= —4n__ [eat — et u(t) overdamped
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e For ( =1, ¢4 =co = —w, real negative

h(t)=...=w2te “rluy(t) critically damped



Impulse response

¢ is the damping ratio
hit)/w, {=0.1

1L =04 wy, is the undamped natural frequency
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Step response

¢ is the damping ratio

2r {=0.1 wy, is the undamped natural frequency




Magnitude of the frequency response:
2
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o For w < wy, 20logo |H(jw)| = 0

e For w> w, 20log,y |H (jw)| = —40log,o w + 40 log;q wy,
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Magnitude of the frequency response:

20log, |H (jw)| = —101logy, { {1 — (w/wn)zr +4¢ (w/wn>2}

o For w < wy, 20logo |H(jw)| = 0
e For w> w, 20log,y |H (jw)| = —40log,o w + 40 log;q wy,
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Phase of the frequency response:
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w<Lw, (e.g,w<0.1w,)
w>w, (e.g,w>10w,)



Phase of the frequency response:

2( (w/wn)

<H(jw) = —tan™? [1 (@)’

between 0.1w, < w < 10w,
we can use a linear approximation

the exact value at w = w,, is:
<H (jw) = —m/2

approximation does not depend on (
actual plot does
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Example
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