
Problem Set 9 Solutions

Problem 1

The Bode plot of
500

s(s+ 10)(s+ 100)
with phase and gain margins is depicted in Figure 1.
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Bode Diagram
Gm = 46.8 dB (at 31.6 rad/sec) ,  Pm = 86.9 deg (at 0.499 rad/sec)
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Figure 1: Problem 1, part 1.

The Bode plot of
100(s+ 1)

s(s2 + 2s+ 100)
with phase and gain margins is depicted in Figure 2.

The Bode plot of
100(s+ 1)(s+ 10)

s(s2 + 2s+ 100)
with phase and gain margins is depicted in Figure 3. Note that the

GM is ∞.

Problem 2

The phase margin of the system is calculated by finding the crossover frequency wc, i.e. the frequency at
which the log magnitude crosses 0dB, and then calculating ∢G(jwc) − (−180). By inspection we find that
wc

∼= 30 rad/sec and PM ∼= 80◦.
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Figure 2: Problem 1, part 2.

−20

0

20

40

60

80

M
ag

ni
tu

de
 (

dB
)

10
−2

10
−1

10
0

10
1

10
2

10
3

−135

−90

−45

0

45

P
ha

se
 (

de
g)

Bode Diagram
Gm = Inf ,  Pm = 84.9 deg (at 101 rad/sec)

Frequency  (rad/sec)

Figure 3: Problem 1, part 3.
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Problem 3

We plot the Bode diagrams of the system before compensation
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and we notice that
PM = 28.7◦ wc = 12rad/sec.

Note: When the low frequency gain of the frequency response is less than one (i.e., when the magnitude
plot at low frequency “starts” from below 10dB), the magnitude plot may have two crossover frequencies.
This is the case, for instance, in the figure above. In such cases, one takes the phase margin to be the
minimum between the two phase margins. In this example, the two phase margins corresponding to the
crossover frequencies at 7 and 12 rad/sec are 160◦ and 28.7◦, respectively. We thus pick the phase margin
to be min{160, 28.7} = 28.7◦ at 12 rad/sec.
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