
Solutions
2.1

• −ζωn ± jωn

√
1− ζ2 = −5 ± 8.66j.

• Mp = e−ζπ/
√

1−ζ2 = e−0.5π/0.866 = 16.3%.
• tp = π/ωd = π/8.66 = 0.363 s; ts = 4/(ζωn) = 0.8 s.

2.2

• s2 + 4s+ 20 = 0: s = −2 ± 4j.
• ωn =

√
20 = 4.47 rad/s; ζ = 2/4.47 = 0.447.

• Both poles in the left half-plane: stable.
• The second has a pole at s = +1, in the right half-plane: its response grows like et,

so it is unstable.

3.1

• (a) T = KG/(1 + KG) gives 0.0155s2 + s + 0.414Kp = 0; divide by 0.0155: s2 +
64.5s+ 26.7Kp = 0.

• (b) 2ζωn = 64.4, so ωn = 46.0 rad/s.
• ω2

n = 26.7Kp: Kp = 2116/26.67 = 79.4 V/rad.
• Mp = e−0.7π/

√
0.51 = 4.6%; ωd = 32.9 rad/s, tp = π/ωd = 95.6 ms; ts = 4/(ζωn) =

4/(0.7× 46.0) = 124 ms.
• (c) L = 32.9/[jω(0.0155jω+1)]; |L| = 1 when ω

√
1 + (0.0155ω)2 = 32.9, so ωc = 29.8

rad/s.
• PM = 180° − 90° − tan−1(0.0155× 29.8) = 65.2°.
• PM/100 = 0.65, close to the 0.7 designed for.
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