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Frequency Response

» Consider a control system with input R(s), output Y(s), and transfer
function G(s)

» Consider an exponential test signal defined by sy = o + jw:

R(s) = ! r(t)=L"1 {s _1 -

S$— 95

} =e% t>0
» The system response is:

y(t) = LTHG(s)R(s)} = (g * r)(t) = /0 g(r)r(t —7)dr

= et [ /0 t g(T)esonT}

> As t - 00, [fotg(T)e_sonT} = £{g(t)} = G(s0)

> The steady-state response to r(t) = e®! is:
vss(t) = G(sp)e®*



Frequency Response

> Applying the test signal r(t) = e®* for different sy gives us a way to
identify the transfer function G(s) of an unknown system using the
steady-state response:

Yoo(£) = G(s0)e™"
» How do we apply r(t) = e®* in practice?

> |If Re(sp) > 0 or Re(sp) < 0, the system response either blows up or
decays very quickly.

wt_efjwt

» Consider sp = jw and recall that sin(wt) = Im(e/*t) = € %

» By superposition, the steady-state response to r(t) = sin(wt) is:
lG(jw)e_j“’t

2j
wt _ e—jwt

2j

1
yss(t) = 2—J_G(Jw)e’ t_

— |6(juw)] 4661 € — 16(jw)|sin (wt + /G(jw))



Frequency Response

» The frequency response is the steady-state output of a system with
sinusoidal input

» The frequency response of a system with transfer function T(s) to a
reference signal r(t) = sin(wt) is a sinusoid, scaled by | T (jw)| and

phase-shifted by /T (jw):
Yss(t) = | T(jw)|sin (wt + /T (jw))

» The experimental determination of the frequency response is often easily
accomplished due to the ready availability of sinusoidal test signals for
various frequency ranges



Frequency Domain Plots

» Plotting the magnitude and phase of T (jw) provides insight into the
analysis and design of linear control systems

» The following frequency-domain plots of the transfer function are used:
> Polar plot: a plot of Im(T(jw)) versus Re( T (jw)) of a transfer function
T(jw) as w varies from 0 to oo

> Magnitude-phase plot: a plot of the log-magnitude 20 log,o | T (jw)| in
decibels (dB) versus the phase /T (jw) as w varies from 0 to oo

> Bode plot: a plot of the log-magnitude 20 log;, | T (jw)| in decibels (dB)
and the phase /T (jw) versus log;yw as w varies from 0 to co



Log-scale Units

» Bel: a relative measurement unit of the log-ratio of measured power P
to reference power Py

P
Log-power ratio = logq () Bels
Po
» Decibel: ten Bels:

P
Log-power ratio = 10log;q (P) dB
0

» The input-output power spectral density relationship for a linear
time-invariant system with input R(s), transfer function T(s), and
output Y(s) is:

Sy(w) =|T(jw)*Sr(w)

» The log-power ratio at w in dB is:

Sy (w . .
10logyg <SZEW;> = 10log;, |T(JW)|2 = 20logyo | T (jw)|



Log-scale Units

> Bode plot: the magnitude 20log;, | T(jw)| in dB and phase /T (jw) in
radians of a transfer function T(s) are plotted versus log;qw

> The intervals on a log scale are known as decades (base 10) or octaves
(base 2):
> The number of decades between w; and w; is log;, &2

» The number of octaves between w; and w; is log, g—f

> There are log,(10) =~ 3.32 octaves in one decade

20 dB/decade
10) octave/decade

> A slope of 20 dB/decade is the same as el ~ 6 dB/octave



Transfer Function in Bode Form

» Transfer function in Bode form: a transfer function with m; real
zeros, mp complex conjugate zero pairs, ng poles at the origin, n; real
poles, and ny complex conjugate pole pairs:

e e (&) 50 (2) )
Snonfil(ﬁ-i-l) Zil((wik) +2Ck( >+1>

» The magnitude and phase of T(jw) are needed to draw a Bode plot

T(s)=k




Magnitude and Phase of T (jw)
» Magnitude of T(jw) in decibels (dB):
20log | T (jw)|

= 20log || + ZQOIog
i=1

— 20log |(jw)™| — Zzo log

. 2 .

(Jw> +2¢ (_/w) +1
Wh, Wh,
2 -w

< > 126 (J )+1
W,

J+1‘+220|0g

j+1‘ Z20|og

» Phase of T(jw) in radians:



Drawing Bode Plots

» Instead of computing the magnitude and phase of T (jw) directly, it is
preferable to obtain general rules for drawing Bode plots

» A transfer function may contain only four kinds of factors:
» Constant terms: x

» Poles or zeros at the origin: s9

~1
» Real poles or zeros: (% + 1) or (f + 1)

2
» Complex conjugate poles or zeros: <(wsn> +2¢ (i) + 1>
» If we determine the magnitude and phase plots for these four factors,

then we can add them together graphically to obtain a Bode plot for any
transfer function

10



Bode Plot for a Constant Term &

» Magnitude: 20 log |x|

0 ifk>0

» Phase: =
&“ {7T if k<0

» Example: Bode plot for T(s) = 1—10 and T(s) =-10

Bode Diagram for T(s) = 1/10 Bode Diagram for T(s) = -10

Magnitude (dB)

Phase (deg)

10°
Frequency (rad/s) Frequency (rad/s)
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Bode Plot for Pole or Zero at the Origin: s9

» Magnitude: a straight line on a log scale going through the origin with
slope 20q:
20 log |(juw)?| = 20q log ||

» Phase: a horizontal line at g7:
i

Ge)? = a/(w) = a3

40 — 180 (jw)?
(Jo), .
(jw) .
= % (jo)
& g
3 Z
ER g O o’
2 £
= T —i (joy™!
© V2
—40 (o) ~180 (jw)™
0.1 1 10 100 0.1 | 10 100
Frequency (rad/s) Frequency (rad/s)
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Bode Plot for Real Zero (§ - 1)
> Magnitude: 20log |j% + 1| = 20log m

» Phase: f(jg—kl) =tan"1¥

» Extreme w values:
» Case 1: w < z: horizontal line at 0:

20|og‘j9+1’ ~0
4

P> Case 2: w>> z: log-scale line of slope 20 going through 0 when w = z:

. w NE
Z(J;_Fl)wz

(j24+1)~0

1
20log ‘jg +1’ ~ 20log — + 20logw
z z

> Case 3: w = z (corner frequency):
20|og‘jf+1‘z3d/3 (2 +1) ="
z z 4

13



~1
Bode Plot for Real Pole (% + 1)

——20|og1/1+<%>2

1
> Magnitude: 20 Iog’(j‘; n 1)

-1
: : _ 1w
» Phase: <_]% + 1) = —tan “lj

» Extreme w values:
» Case 1: w < p: horizontal line at 0:

—1
j:}—&-l’%O f(j%—kl) ~ 0

> Case 2: w > p: log-scale line of slope —20 going through 0 when w = p:

1 —1
jg—#l ~ —20log — — 20 logw i (jﬂ—i—l) ~_T
p p P 2

> Case 3: w = p (corner frequency):

w -1 ™
j— 41| =~ —3dB i ('ﬂ 1) -
Jp+ ‘ Jpt 7

—20log

—20log

—20log
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Bode

Magnitude (dB)

Phase (deg)

~1
Plot for Real Pole (% + 1)

Asymptotic
Exact curve
curve

—45

—=90

approximation

Linear

Exact

0.01p

0.1p

1p 10p
Frequency (rad/s)

100p
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Bode Plot Example 1

_ 10 _ 10+1
» Draw a Bode plot for T(s) = 10(S+15)J(rs+100) = (s+(15)/(s/100)+1)

Magnitude (dB)

Phase (deg)

Bode Diagram

-90

107"

10° 10’ 102 10°
Frequency (rad/s)
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Bode Plot for Complex Conjugate Zeros

> Consider T(s) = ((;)2 +20(2)+ 1)

» Magnitude:

w? w w0\ 2\ w2
| T )|:‘_wQ+2Cwnj+1’: (1_<wn)> + 4¢2 <wn>

» Phase:

/T(jw) = —i—g—l—%‘%ﬂj—l—l:tan_l (2)
- (2)

17



Bode Plot for Complex Conjugate Zeros

| T(w)| = (1 — (:;)2)2 +4¢? (:;)2 T(jw) = tan™? 12_< E >2

fle
N—

fle

» Extreme w values:
» Case 1: w < w,: horizontal line at 0:

20log | T(jw)| ~ 0 /T(jw) ~ 0

P> Case 2: w > wy,: log-scale line of slope 40 going through 0 when w = wy,:

4
20log | T (jw)| = 20 log (w) = 40logw — 40logwy, T(w)=m
w

n

» Case 3: w = w,:
20 log | T(juw)| = 20l0g(2() T(w) = 5

18



Bode Plot for Complex Conjugate Poles
-1
» Consider T(s) = (<:n>2 +2¢ (i) + 1)

IT(w)| = \/ ! T(jw) = —tan~? M
N o

2)) (e (&)

» Extreme w values:
» Case 1: w < w,: horizontal line at 0:

20log | T(jw)| ~ 0 /T(jw) ~ 0

P> Case 2: w > wp: log-scale line of slope —40 going through 0 when w = w,

4
20log | T(jw)| ~ —20log (w) = —40logw+40logw, /T(jw)~ —m

Wn

» Case 3: w=w;:

20 log | T(jw)| = —20 log(2¢) T(jw) = —g

19



Bode Plot for Complex Conjugate Poles

20

Magnitude (dB)
L
S

=20

=30

0.1 0.2 03 04 0506 08 1.0 2 3 4 5 6 8 10

Phase (deg)

—100

—120

—140

—160

—180 N
0.1 0.2 03 04 0506 08 1.0 2 3 4 5 6 8 10

1= wlw, = Frequency ratio 20




Bode Plot Approximations for Basic Transfer Function Terms

Table 8.1 Asymptotic Curves for Basic Terms of a Transfer Function

Term Magnitude 20 log;,|G(jo)| Phase ¢(w)
1. Gain, 40 90°
G(jw) = K
o 20 ~ 45°
S 201log K g
5] = = 5
9 0 Py 0
= 2
=1 =
2 20 T 450
=
—40 —90°
Frequency (rad/s) Frequency (rad/s)
2. Zero, 40 90°
G(jo) = ~
1+ jo/w, g 20 o 45°
P [5)
Q )
T o = oo
S £
S -20 450
—40 -90°
0.1w; on 10w, 0.1, [on 10w,
Frequency (rad/s) Frequency (rad/s)

Copyright ©2017 Pearson Education, Al Rights Reserved
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Bode Plot Approximations for Basic Transfer Function Terms

Table 8.1 Asymptotic Curves for Basic Terms of a Transfer Function

Term Magnitude 20 log;o|G(jw)| Phase ¢(w)
3. Pole, 40 90°
Glio) = _
(1 + jo/w)” g 2 o 45°
== 3]
Q o
R 5 0
i} E
= o
§ -20 —45
—40 —90°
0.1w, N 10w, 0.1w; o 10w,
Frequency (rad/s) Frequency (rad/s)
4. Pole at 40 90°
the origin, N
Glo) =1/jo & 2 RS
3 3
g 3 0
S _ & _yso
s 20 45
—40 —=90°
0.01 0.1 1 10 100 0.01 0.1 1 10 100

Frequency (rad/s)

Copyright ©2017 Pearson Education, Al Rights Reserved

Frequency (rad/s)
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Bode Plot Approximations for Basic Transfer Function Terms

Table 8.1 Asymptotic Curves for Basic Terms of a Transfer Function

Term Magnitude 20 logyo|G(jo)| Phase ¢(w)
5. Two complex 40 180°
poles, .
01<¢<1, 2 20 5 90°
G(jw) = (1 + _g )
2lu — u?)! %’ 0 2 0
U= ow/w, 2 ) =
§ -20 =90
—40 —180°
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Frequency ratio, u Frequency ratio, u

Copyright ©2017 Pearson Education, Al Rights Reserved
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Bode Plot Example 2

4(140.15)

> Draw a Bode plot for T(s) = Sirossy1r0.6(/50)7(5/50%)

» Factors in order of their occurrence as s = jw increases:
1. A constant gain kK = 4
2. A pole at the origin
3. Apoleat w =2
4. A zero at w =10

5. A pair of complex poles at w = w, = 50

24



Bode Plot Example 2

» Consider the approximate magnitude plots:
1. Constant gain: 20log || = 14 dB

2. Pole at the origin: a line with slope —20 dB/decade going 0 when w =1

3. Pole at w = 2: horizontal line at 0 dB until the corner frequency at
w =2 and a line with slope —20 dB/decade after

4. Zero at w = 10: horizontal line at 0 dB until the corner frequency at
w = 10 and a line with slope 20 dB/decade after

5. Complex pole pair at w = w, = 50: horizontal line at 0 dB until the
corner frequency at w = 50 and a line with slope —40 dB/decade after

» The approximations must be corrected at the corner frequencies:
> Real zero/pole: +3dB

» Complex pair of zeros/poles: based on ¢

25



Bode Plot Example 2

20
14
10
8 @
e @
T 0
2 [©)
<
2 @
~10
-20
01 02 1 9 10 50 100
Frequency (rad/s)
20
(=005
0.10
10 o
0.25
_ o0
. . E O]UA 05
» Complex pole pair correction: = 00
= =20
=30
B 0.1 0.2 03 04 0506 08 1.0 4 8 10
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Bode Plot Example 2

20 \\
N\ / —20 dB/dec

10

— —40 dB/dec
-10

/ Exact curve

N

3

-20

Magnitude (dB)

Approximate curve —

=30

—40

=50
0.1 1 10

Frequency (rad/s)



Bode Plot Example 2

» Consider the approximate phase plots:

1.

2
3
4.
5

Constant gain: s« = 0°

. Pole at the origin: —90°
. Pole at w = 2: a line with slope —45 deg/decade from w = 0.2 to w = 20

Zero at w = 10: a line with slope 45 deg/decade from w =1 to w = 100

. Complex pole pair at w = w, = 50: phase shift of —90 deg/decade from

w=>5tow =500

» The actual phase characteristic for the complex pole pair should be
obtained from:

03 04 0506 08 10 T o+ 56 28

4 = wlw, = Frequency ratio



Bode Plot Example 2

Phase (deg)

90
60
30

—30
—60

Zero at 0 = 10

Complex poles

=90
=120
—150
—180
=210
—240
—270

Pole at origin

Approximate ¢(w)

0.1

The exact phase shift can be evaluated at important frequencies:

0.2

1.0

2.0
Irequency (rad/s)

10

60

100

2<kwnkw

/T(jw)= (& +:letan_1 <%) +:Zzltan_1 (j(w,,,w) — 07 - Ztan_1 ( ) Ztan (w

2

)



Bode Plot Example 3
» Draw a Bode plot for

(s +1)((s/10)? + 2(0.15)(s/10) + 1)

T(s) =

(s+1)(s®> +3s+100)
s2(s+10)(s +100)

» Magnitude and phase at w = 0.1:

20log | T (jw)| =~ 20dB

» Magnitude slope in dB/decade:

105%(s/10 + 1)(s/100 + 1)

T(jw)~ —m

w Zero at —1 | Zeros with w, = 10 | Double pole at 0 | Pole at —10 | Pole at —100
01-1 0 0 -40 0 0
1-10 20 0 -40 0 0

10 - 100 20 40 -40 -20 0
100 - 1000 20 40 -40 -20 -20
» Phase slope in degrees/decade:

w Zero at —1 | Zeros with w, = 10 | Double pole at 0 | Pole at —10 | Pole at —100
01-1 45 0 0 0 0
1-10 45 90 0 -45 0

10 - 100 0 90 0 -45 -45
100 - 1000 0 0 0 0 -45

30




Bode Plot Example 3
» Draw a Bode plot for

T(s) =

Phase (deg)

Magnitude (dB)
8

(s+1)(s®+3s+100) (s+1)((s/10)? +2(0.15)(s/10) + 1)

s2(s + 10)(s + 100) 10s%(s/10 + 1)(s/100 + 1)

Bode Diagram
T

A
S

-60

80 I I
45 = T T T

-45

-90

-135

-180
107 10° 10' 102 102
Frequency (rad/s)
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Bode Plot Example 4

» Draw a Bode plot for T(s) =

» Magnitude at w = 272

4(s/2+1)

20log | T (jw)| =~ 20 log

» Magnitude slope in dB/octave:

jw

s(1+2s5)(1+0.05s5+(s/8)2)

4
‘ = 20log 16 ~ 24dB

w Zero at —2 | Pole at 0 | Pole at —2~ I [ Poles with w, = 23
22 .21 0 -6 0 0
2-1.2! 0 -6 -6 0

2l - 23 6 -6 -6 0
23 - 24 6 -6 -6 -12
» Phase slope in degrees/decade

w Zero at —2 | Pole at 0 | Pole at —2~ I | Poles with w, = 23
0.2-0.8 45 0 -45 0
0.8-5 45 0 -45 -90
5-20 45 0 0 -90
20 - 80 0 0 0 -90 32




Bode Plot Example 4
» Draw a Bode plot for T(s)

_ 4(s/2+1)
= 5(1+2s)(1+0.055+(s/8)2)

Bode Diagram
T T

40

n n
o o o

Magnitude (dB)

A
I=)

&
S

100 ———————— ;
150 - T~
S
(7]
S
o 200 b
(72}
(1]
=
o
250
-300 1 1 L L L L
22 21 20 21 22 23 24 2%

Frequency (rad/s)
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Table 8.2 Bode Plots for Typical Transfer Functions

G(s) Bode Plot G(s) Bode Plot
&
—45° -90°
LK s K(sr, + 1)
) “s(om + 1)(sm + 1) 0
-
Kk ’
"Gnt)ent ) -180° =Y

K

T S K -80°
T(sm + 1) (smp + 1) (s + 1)

Ts¥(sm + 1)

—270°




Table 8.2 Bode Plots for Typical Transfer Functions

G(s) Bode Plot G(s) Bode Plot
K(s7, + 1)
)
i
s°(sm + 1) 0
Ta > T
—90°
<60 dB/dec
s K ~180° 11,§ Noas N\
s(sm + 1) 5 —180 i
-270° 7
—40 dB/dec
-90°
¢
—20 i
2 K(s7, + 1 _180°
IR < S— B T 1 log @ 1. & 5 ) W oa 7,
s(sm + 1) (sm + 1) & i \\ & S
i ... 40 dB/dec
-270° |—5
—60 dB/dec



Nonminimum Phase Systems

» Minimum phase system: a system whose transfer function poles and
zeros are in the closed left half-plane

» Nonminimum phase system: a system whose transfer function has
zeros in the right half-plane

» Bode plots can also be drawn for nonminimum phase systems

» The magnitude of a transfer function does not depend on whether the
zeros are in the left or right half-plane

» The phase contribution of a zero in the right half-plane is always at least
as large as the phase contribution of a zero in the left half-plane

36



Nonminimum Phase Systems

» To understand the difference between minimum and nonminimum phase
systems compare the transfer functions:

s+z s— 2
Gi(s) = Ga(s) =
1(s) stp 2(s) s+p
» Magnitude: |G1(jw)| = |G2(jw)| = \/\/ujTszz

» Phase: /Gi(jwi) vs /Ga(jwr)

Jo, Joy

i Gy(s)

(a) (b)

37



Nonminimum Phase Systems

» The range of phase shifts for a minimum phase transfer function is the
least possible for a given magnitude curve

180°
éﬁ Nonminimum phase
o 90°
g -
b Minimum
phase
0° I I
2 p

Frequency (rad/s)



Nonminimum Phase Systems: Example
» Draw a Bode plot for Gi(s) = 10::’110 and Gy(s) = 1055+_110

Bode Diagram

= n
o o
T T

Magnitude (dB)
>
T

Phase (deg)

102 107" 10° 10" 102

Frequency (rad/s)



Polar Plot

» Polar plot: a plot of Im(G(jw)) versus Re(G(jw)) of a transfer function
G(jw) as w varies from 0 to oo

» A polar plot contains less information than a Bode plot because the
frequency values w are not captured

» The general shape of the polar plot can be determined from:
> Magnitude |G(jw)| and phase /G(jw) at w =0 and w = oo

» Intersection of the polar plot with the real and imaginary axes

40



Polar Plot: Type 0 System

» Draw a polar plot for G(s) =

» Magnitude: |G(jw)| =

_1
1+T7Ts

1

V14w? T2

> Phase: /G(jw) = —tan"HwT)
» Polar plot: |G(j0)| =1, /G(j0) = 0; [G(joo)| =0, /G(joo) = =75

jImG 4

A

G (jw)-plane

Jtan“I ol

Phasor of G(jw)

41



Polar Plot: Type 0 System

» Draw a polar plot for G(s) = }I%z
> . ) C N V1HW?TE
Magnitude: |G(jw)| Wiwwra
» Phase: /G(jw) =tan Y (wT,) —tan"Y(wTi)
>

A

The polar plot depends on the relative magnitudes of T; and T,

G( jw)-plane

> If T, > Ty 1
[GUw)l =1 G(jw) 20

> If Ty > T 0
GUw)l <1 /Glw) <0

42



Polar Plot: Type 0 System

» Draw a polar plot for G(s) = m

» Magnitude |G(jw)| and phase /G(jw) at w =0 and w = oc:

G(j0) = k/0° G(joo) = 0/-180°
Polar plot of G(s) = 2/((s+2)(s+4))
90
120 60
0.2
150 30
0.1
180 0

210 330

240 300

270 43



Polar Plot: Type 1 System
» Draw a polar plot for G(s) =

K
s(1+7s)

» Magnitude |G(jw)| and phase /G(jw):

K
Cw)| = ————=

/G(jw) = —g — tan~(wr)

» Valuesatw =0, w=1/7, w = oco:

G(j0) = 0o/—90°
1 KT R
G(joo) = 0/—180°

» Asymptote as w — O:

K small w K
Glw)=———~ =~ —
() jw(l+ 7jw) Jjw

Im[G]

=00

—kr  —kt/2

, - / Re[G]

A 135

 —kr/2

w=

al=

|
|
I
|
|
|
|
|
|
|
|
: Increasing
I
|
I
|
I
|
|

wﬁOl;

K

1 .
(1—j1w) KT jw
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Polar Plot: Type 1 System

» Draw a polar plot for G(s) = s(l+Tls—§(1+Tzs)

» Magnitude |G(jw)| and phase /G(jw) at w =0 and w = oc:

G(jO) = oco/—90° G(joo) = 0/—270°

Polar plot of G(s) = 2/(s(s+2)(s+4))
90

120 60

2

150 30

180 0

240 300

270

45



Polar Plot: Type 2 System

K

» Draw a polar plot for G(s) = o G o G v

» Magnitude |G(jw)| and phase /G(jw) at w =0 and w = oc:

G(jO) = 0o/—180° G(joo) = 0/—360°
Polar plot of G(s) = 2/(s"2(s+2)(s+4))
90
120 60
20
150 30
10
W s 0

210 330

240 300

270 46



Magnitude-Phase Plot

» Magnitude-phase plot: a plot of the magnitude 20log;, | G(jw)] in
decibels (dB) versus the phase /G(jw) as w varies from 0 to oo

» A magnitude-phase plot can be obtained from the information on a
Bode plot

» A magnitude-phase plot is shifted up or down when the gain factor s
varies

» The Bode plot property of adding plots of individual components does
not carry over

» The magnitude-phase plot of the forward-path transfer function G(s) of
a unity-feedback system can be superposed on a Nichols chart to give
information about the system’s relative stability and frequency response

47



Magnitude-Phase Plot

30

O.II

20

]

0.6

Magnitude (dB)
<

1.0
Tk
7

—20

7

=30

10d

—40

=270

—225 —180 —135 -90
Phase (deg)

Copyrght £2017 Pearson Education, Al Rights Reserved

(2) G1(8) = FErmEEr

Magnitude (dB)

-20

=30

—40

(b) Ga(s)

40

30

0.1

20

0.2

0.5

1
20

40
51 ]

j
7
|
|

61
70

0
=270

—225

it 2017 pearson Educa

—180 —135 —90
Phase (deg)

ered

5(s/10+1)

=~ 5(s/2+1)(1+0.6(s/50)+(s/50)?)
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Magnitude-Phase Plot

| 2

The shape of the magnitude-phase plot is important where the
magnitude approaches 0 dB and the phase approaches 180°

Gain-Crossover frequency: w at which 20log |G(jw)| = 0 dB
Phase-Crossover frequency: w at which /G(jw) = —7

Unity-feedback closed-loop transfer function:

G(s)

=176

Instability occurs when 14 G(s) = 0:

|G(s)] =1 G(s)=—7
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Magnitude-Phase Plot

» Draw a polar plot and a magnitude-phase plot for G(s) = %
40 =
5
30 9/
jimG 4 0 ' w= 1 rad/sec
10 /

0
G-plane Phase crossover I Gain crossover
w= ?.78 rad/sec = 3.88 rad/sec

-10

o
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g
w=%* g
» =
1 0 I ReG 30
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3.88 rad/sec -40 =30 rad/s
-50 \
-60 =100 rad/s
=70
:
S -80 s
S -270.0 -247.5 -225.0 -202.5 -180.0 -157.5 -135.0 -1125 -90.0
Phase (deg)
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Frequency Domain Plots in Matlab

4(s/24+1
> Bode plot for G(s) = s(zs+1)(1+(3./4(s/s)s)+(s/8)2)

1 s = tf(’s’);
2 G = 4% (s/2+1)/s/(1+2%s)/(1+0.4*(s/8) + (8/8)°2);
3 bodeplot (G);

Bode Diagram
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Frequency Domain Plots in Matlab

> Nyquist plot for G(s) = s(zs+1)(14+(3./f(t/ls)s)+(s/s)2)

1 s tf(’s’);
2 G = 4x(s/2+1)/s/(1+2xs)/(1+0.4%(s/8) + (s/8)7°2);
3 nyquistplot(G);

Nyquist Diagram
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Frequency Domain Plots in Matlab

» Nichols plot for G(s) = s(2s+1)(1i£8./f(t/1%)+(s/8)2)

1 s = tf(’s’);
2 G = 4x(s/2+1)/s/(1+2%s8)/(1+0.4%(s/8) + (s/8)"2);
3 nicholsplot(G);

Nichols Chart
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