
Gain-Phase Relationship & Bandwidth
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M-plot for open-loop t.f. KG:
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Note: |KG(jω)| → ∞ as ω → 0

{
|KG(jωc)| = 1

∠G(jωc) = −90◦
⇒ KG(jωc) = −j

Closed-loop t.f.:

T (jωc) =
KG(jωc)

1 +KG(jωc)
=
−j

1− j

|T (jωc)| =
∣∣∣∣ −j1− j

∣∣∣∣ =
1√
2

|T (0)| = lim
ω→0

|KG(jω)|
|1 +KG(jω)| = 1

=⇒ ωc = ωBW (bandwidth)

I If PM = 90◦, then ωc = ωBW

I If PM < 90◦, then ωc ≤ ωBW ≤ 2ωc (see FPE)




