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2 H| 2 (Adolf Hurwitz)

>1932A: 8li2| LIO|RAE

LIO|FAE QY EHEHY

(Harry Nyquist)

> 1942A: S E 2] Q|0| E E = (Hendrik Wade Bode)

« HENM E(Bode Plot) 11 QF
> 19484
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2! (Root Locus) 2+ &

2 H 2|XtE Of|EkA (Walter Richard Evans)

ANATOMY OF A ROOT LOCUS PLOT
Im(s)

Stable region

Unstable region
(left-half plane)

(right-half plane)
O

Open-loop

Open-loop zeros (O)

poles (x)

5 > Re(s)

Closed-| Ioop
pole paths

|
| © Open-loop zeros (end points of root locus branches)
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P|=a?+ 3
Sas P
e :
5 E 0= tan ' (ﬁ)
.1_’&7\“&. : &
NP - i
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0 @ =r= B — |P| Sin@
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(@) P+Q=(2—-73)+(5+;2) =(245)+5(-3+2)=7—

(b) P—Q=(2—;3)—(5+j2)=(2-5)+;j(-3-2)=—-3—j45

() PxQ=(2—j3) < (5442) =2x5+2xj2 — j3x5—j3x ;2
=10+j4 —j15+6=16—;11
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Gls) = Hg= + o4

G(s)=ReG+jilmG

[E 2-1] s2t0l ti8t G(s)=s"+19 Bt

s G(s)
_ 2
o) G(s)=s"+1 ~1.0+50.0 2.0+0.0
e . —0.75+;0.25 1.5—0.375
—0.5+50.5 1.0— ;0.5
B —0.25+0.75 0.5—j0.375
0.0+41.0 0.0+ 0.0
was s 0.25+ j0.75 0.5+ j0.375
1 0 1 0 1 2
0.5+ 0.5 1.0+ j0.5
0.75 + j0.25 1.5+ 50.375
(a) s T (b) Gls) ™
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_6_|_ A . s-Plane (Complex Plane) Left Half Plane (Stable)
E JI\ T 1009 —— 1t Stable Real (A)

0.75 2: Stable Complex (B)

| -IQI_ 0.50 1

0254

-0.251

-0.50 7

o) 1 2 3 4 5
On the Imaginary Axis (Marginally Stable / Oscillatory)

T 1.0 —— 3:Pure Imaginary (C)

£

Imag (w)
(=}
X
X

0.51
0.0 1
-0.51
E
5

o) 1 2 3 4
Right Half Plane (Unstable / Exploding)

40 —— ZUnstable Real (D)
-2 P —— 5 Unstable Complex (E)
304

204

10 4

201

-4 -2 o] 2 a4 o] 1 2 3 4 5
Real () Time (t)

(R4, sogar|sy



Sags
B ASIA
’_""no-r L s?+4%2 =0
o 3™ = Althot= Ol ,
> YHE £ FU4E M7 st BE 7} & s = 14.0j > araqsFas

3. Pure Imaginary Zero: Specific Frequency Blocking

0.5 1

0.0

Amplitude

-0.51

-1.0 1

Input (Signal + 4.0 rad/s Noise)
154 = Qutput (Noise Blocked by Zero at s = +4.0j)

0 2 4 6 8 10
Time (t)
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