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Nyquist Stability

Background

u=Dsin(w) [\ [y Dasingwily )
Bode diagrams separated the gain and phase of the complex number G’(jw)

Bode plot review

G(s) =a+bj
|G(s)| = Va? + b2
ZM-1} = a + bj

[r[cos(8) + isin(6)]~! = [R[cos(a) + isin(c)]
[r[cos() + isin(8)] = [R™'[cos(a) + isin(a)] !

R=1
1
cos(a)+isin(a)

cos(—a) + isin(—a)

Phase = —a = —a,rcta,n(%)

z r .« .

% = 7. lcos(01 — 02) +isin(61 — 62)]
z1 __ 11 cos(01)+isind;

z2 T2 cos(y)+isind;

|Z_1 -

z9 — T2

61 — 0 = arctan(%) — arctan(Z—z)
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Multiplication and division of
complex numbers

Students are reminded of the following rules for complex

numbers.
[ \
1. Modulus of the product is the product of the moduli.
|2. Phase (orargument) of the product is the sum of the
© phases.
‘—-"" —
wliel _
|n*:y =
— ol | Bl
W'z
Lwzy = Lw+ Lz + Ly; = 24w+ Lz -3Ly— Lk
V'K
Example 1
G = s2+3s+2
G(jw) = m
G(jw)| = 4
Phase = —tan ™! 3“’2
Example 2
. 2541
T 8345243542
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Find the frequency response (gain and phase
definitions) for G(s). < = A=

G /ZJW+1 el

i L;w) LW +3w+2) jGw—w)+2—w?

E_ﬂ H,-'“-i-l ) NOT N\CE_
JBw—w') +(2-w')’

G gandl 2 W= W) YueK |
1A 2w

G(jw)| =

Nyquist plot
Bode diagrams separate the gain and phase of the complex number G(jw)
Nyquist diagrams is a plot of G(jw) on the complex plane.

Guidelines

1. Phase s reducing (or becoming more negative) -
} plot is moving clockwise.

2. Phaseis increasing — plot is moving anti-clockwise.
—EEEE—
3. Gainis reducing — plot is moving towards origin.

4. Gainis increasing — plot is moving away from the
origin.
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lllustration of trends

Direction of change of Nyquist diagrams are linkec
directly to direction of change in Bode.

Gain increasing

Gain decreasing Phase increasing
Phase increasing -

_ Gain increasing
Gain decreasing o Phase decreasing
Phase decreasing

Slides by Anthony Rossiter

Example 1

Cauchy argument's principal

.o st2
a) Transfer function = pu)

s=-1+]

New complex number 1 — 7

b)

) 2
Transfer function = %

s=—-14+7
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Transfer function =1 + j

Trg-.n [ ;e . Ff\c.l‘ jon =

(1+3) ¥ _
I

same phasor.

Example 2
G(s) = %ﬂ

G(s) = T = =2

1+jw 1-+w?

Example 3
_ 6
G(.S‘) - (s+1)(s+3)
. _ 6
G(jw) = (Gt 1) (jot3)

.\ 6(jw—3)
G(jw) = (Got1)(—w?—9)

.oy 6(3—jw)(1—jw)
G(w) = (@) @2 19)

L 63+t —jlw)
G(jw) = (1) (W2 19)

. 6+/((1+w?)(w?+9
G ) = /T

(((1+w?) (w?+9)

4th Quadrant
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Phase = —arctan(7) — arctan(3)

GF\.N hPLﬁ.bt - 2
={/ 2 @)

w=3 o5 =6 -5-’1-6445-
w:10 0.06 -~ 157 —6.0S -66l)

15 = e

0.5

o gy Aam
=

Example 4

P

Sketch the Nyquist for G = (s+2)/[(s+1)(s+1)]

Freg(rad/s) 01 05 1 2 10

Gain 1.98 1.65 thil7) 0.57 0.1
Phase (deg) 9 -39 -63 -82 -90
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Example 5

Sketch a bode plot of G(8) = —(s+1ﬁs+3)
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by Anthony Rossiter
Example 6
_ 1
T (s+1)(s+4)
_ —0.3333 0.333
T (s+1) + (s+4)
_ —0.3333 0.333
= i) T Wi
_ —0.3333(wj—1)) . 0.333(wj—4)
G= (—w?-1) T (—w?—16)
. (1-wj)) , 0.333(4—wj)
G =—0.3333 @) T (@+416)
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w<1 gain=1/4
phase=0
[+ve real axis]
1<w<4gain=1/(4w)

[monotonic decrease]

phase -90 [Move from
+ve real to —ve

imag axis]

gain=1/w?
onotonic decrease]

w>4 (moving

Nyquist Stability: Calculus 12 - S2 - Marland

1
1 ”ﬁa\

e

ALWAYS

DECREASING

~AIRN
I'- -l .} I‘l | | "'l

to —ve real axis)

0024
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w<1 (+ve real axis)

/

1<w<4 (moving
to —ve imag axis)

=
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3 w<2 (gain =1.5, phase =0)
w>2 (gain decreasing, phase
S+ 2 from +ve real to —ve imaginary)
I
! ‘5/1. | I I\.}g

ARt

I

e |

Example 8

3
(s+1)(s+2)

. — -
3 w<1 Gl = /L e
(s+1)(s+2) 1ew<2 (o w-52 =70

S Qe D
-1%c®
-5

Example 9

3
(s+1)*(s+2)
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Example 10

3
s(s+2)

Ty

E)(a mple 1 w<2 (gain =-20dB/dec, phase =-90)
3 w2 (gain -40dB/dec, phase from -90 to -180)

E

S(_.T i 2) At w=2, gain approx, 0.5

N7 T .
6 P

-\
N
)r\
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Example 11

3
s(s+1)(s+2)

Example2 "
l<w<?2

w>2

At w=/2, gain =0.5

Screenshot 2024-04-11 at 18.05.45.png

Screenshot 2024-04-11 at 19.31.17.png

Example 12
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0 9(-.-+1/3U 2s+3/2)

Sketch Bode djagrams
n-u.ﬁr Pt‘thﬂ.’p u'\ tﬁm

' .;:;5';;; U3(s+10)
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- Sketch Nyquist diagrams o3 203

s(s+D(s+2) s(s+D(s+2
0.3(s +10)

sS(s+1)s+2)

_—

Example 13

4
s(s+4)
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| T

/

Example 14

10(s+2)

(s+5)?

Answer H = 10(s +2)

Example 14

o 2(s+2)
T s(s+1)(s+4)
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L= R

A
nswer Py 205 H %)

s(s+1)(s+4)

7 —-le°

https://lwww.youtube.com/watch?v=mglvOk9JGKY > (https://www.youtube.com/watch?
v=mglvOk9JGKY)

>

(https://www.youtube.com/watch?v=mglvOk9JGKY)

https://www.youtube.com/watch?v=5-cJt57e9i0&list=PLs7mcKy_nInH-Sg4uQRkw-
aiCqnzWwyG5&index=3
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