
1.1 Bode Plot Techniques
• G(j!)X Ùp  ƒî 2⌧X ƒt<\ l1:

– l0 ƒ (the magnitude 20 log10 |G(j!)| in decibels (dB) vs log10 !) : Ùp  ƒ–⌧ G(j!)X l
0î dB\ \⌅X‡ G(j!)X Ò¸ ò⌅0î �� i¸ (� ⌧‰.

– ⌅¡ ƒ (the phase of \G(j!) in degrees vs log10 !): Ùp  ƒ–⌧ G(j!)X ⌅¡�ƒƒ Ì‹ �
⇠�<\ i¸ (� ⌧‰.

• Consider the following equation:

G(s) =
s+ a

(s+ b)(s+ c)

G(j!) =
j! + a

(j! + b)(j! + c)

=

p
a2 + !2ej tan

�1 !
a

p
b2 + !2ej tan

�1 !
b

p
c2 + !2ej tan

�1 !
c

=

 p
a2 + !2

p
b2 + !2

p
c2 + !2

!
ej(tan

�1 !
a�tan�1 !

b�tan�1 !
c )

20 log10 |G(j!)| = 20 log10

 p
a2 + !2

p
b2 + !2

p
c2 + !2

!

= 20 log10
p

a2 + !2 � 20 log10
p

b2 + !2 � 20 log10
p

c2 + !2

\G(j!) = tan�1 !

a
� tan�1 !

b
� tan�1 !

c
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• (Example) Consider

G(s) =
K(1 + T1s)

s(1 + Tas)(1 + 2⇣s/!n + s2/!2
n)

with K > 0

|G(j!)|dB = 20 log10 |G(j!)|

= 20 log10

����
K(1 + j!T1)

j!(1 + j!Ta)(1 + 2j!⇣/!n � !2/!2
n)

����

= 20 log10 |K|+ 20 log10 |1 + j!T1|� 20 log10 |j!|� 20 log10 |1 + j!Ta|� 20 log10 |1 + 2j!⇣/!n � !2/!2
n|

= 20 log10 |K|+ 20 log10

q
1 + !2T 2

1

� 20 log10 |!|� 20 log10
p

1 + !2T 2
a � 20 log10

vuut
 
1�

✓
!

!n

◆2
!2

+ 4⇣2
✓

!

!n

◆2

\G(j!) = \K + \(1 + j!T1)� \j! � \(1 + j!Ta)� \(1 + 2j!⇣/!n � !2/!2
n) [rad]

= 0 + tan�1(!T1)�
⇡

2
� tan�1(!Ta)� tan�1

0

B@
2⇣
⇣

!
!n

⌘

1�
⇣

!
!n

⌘2

1

CA [rad]
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• G(j!)X 0¯ xê 4�¿:

1. ‰⇠ ¡⇠ (t›): K

– t› K– �\ \¯§�| l0· @ 20 logK [dB]X ⇠…¡ t‰
– t› K� 100 ù�Xt �QXî dB✓@ 200 ù�\‰.

KdB = 20 log10K = constant

\K =

(
0� K > 0

�180� K < 0
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2. –⇣– àî ˘¸ �⇣ (�Ñ ✏ ¯Ñ xê): s⌥1 and s⌥n

– 1
j! (–⇣– ˘, �Ñxê): l0 ƒX ¡ X 0∏0î -20 [dB/decade]t ⌧‰.

20 log

����
1

j!

���� = �20 log |w| [dB] \ 1

j!
= �90�

– j! (–⇣– �⇣, ¯Ñxê): l0 ƒX ¡ X 0∏0î 20 [dB/decade]t ⌧‰.

20 log |j!| = 20 log |w| [dB] \j! = 90�

–
⇣

1
j!

⌘n
(–⇣– n⌧X ˘): l0 ƒX ¡ X 0∏0î �20⇥ n [dB/decade]t ⌧‰.

20 log

����

✓
1

j!

◆n���� = �20n log |w| [dB] \
✓

1

j!

◆n

= �90� ⇥ n

– (j!)n (–⇣– n⌧X �⇣): l0 ƒX ¡ X 0∏0î 20⇥ n [dB/decade]t ⌧‰.

20 log |(j!)n| = 20n log |w| [dB] \(j!)n = 90� ⇥ n
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3. Ë⌧˘ ✏ Ë⌧ �⇣ (1( xê): (1 + sT )⌥1

– Ë⌧˘: 1
1+j!T

20 log

����
1

1 + j!T

���� = �20 log
p

1 + !2T 2 \ 1

1 + j!T
= � tan�1 !T

=

8
>><

>>:

0[dB] if ! ⌧ 1
T

�20 log
p
2 = �3[dB] if ! = 1

T

�20 log!T [dB] if ! � 1
T

=

8
>><

>>:

0� if ! ⌧ 1
T

�45� if ! = 1
T

�90� if ! � 1
T

⇤ ! = 1
T| Ùp  ƒX �⇣¸�⇠ (corner frequency, break point)|‡ \‰.

⇤ 0 < ! < 0.1
T l⌅– �t⌧, l0 0[dB]t‡, ⌅¡� 0ƒt‰.

⇤ 0.1
T < ! < 1

T l⌅– �t⌧, l0 0 ⇠ �3[dB]t‡, ⌅¡� 0 ⇠ �45ƒL¿ ⇣å\‰.
⇤ 1

T < ! < 10
T l⌅– �t⌧, l0 �3 ⇠ �20[dB]t‡, ⌅¡� �45 ⇠ �90ƒL¿ ⇣å\‰.

⇤ 10
T < ! < 1 l⌅– �t⌧, l0 ƒî -20[dB]/decadeX 0∏0| �¿p, ⌅¡�@ -90
ƒ– 8<Ï à‰.
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– Ë⌧�⇣: 1 + j!⌧

20 log |1 + j!⌧ | = 20 log
p

1 + !2⌧ 2 \1 + j!⌧ = tan�1 !⌧

=

8
>><

>>:

0[dB] if ! ⌧ 1
⌧

20 log
p
2 = 3[dB] if ! = 1

⌧

20 log!⌧ [dB] if ! � 1
⌧

=

8
>><

>>:

0� if ! ⌧ 1
⌧

45� if ! = 1
⌧

90� if ! � 1
⌧
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4. 2( ˘¸ �⇣ (2( xê): !2
n

s2+2⇣!ns+!2
n

and s2+2⇣!ns+!2
n

!2
n

, 1

1+2⇣( !
!n )j�(

!
!n )

2 and 1 + 2⇣
⇣

!
!n

⌘
j �

⇣
!
!n

⌘2

– Ã} ⇣ � 1tt, 2(xêî 2⌧X 1(xêX Ò<\ \⌅⌧‰. (tî 1(xê iX t�¸ Ÿ|)
– Ã} 0 < ⇣ < 1tt, 2(xêî 2⌧X ıå˘ xêX Òt ⌧‰. (2⌧X ıå⇠¸D �¿î Ω∞)

�20 log

vuut
 
1�

✓
!

!n

◆2
!2

+

✓
2⇣

!

!n

◆2

=

8
>><

>>:

0[dB] if ! ⌧ !n

�20 log 2⇣[dB] if ! = !n

�40 log !
!n
[dB] if ! � !n

� tan�1

0

B@
2⇣ !

!n

1�
⇣

!
!n

⌘2

1

CA =

8
>><

>>:

0� if ! ⌧ !n

�90� if ! = !n

�180� if ! � !n

⇤ 0 < ! < 0.1!n l⌅– �t⌧, l0 0[dB]t‡, ⌅¡� 0ƒt‰.
⇤ 0.1!n < ! < !n l⌅– �t⌧, l0 0 ⇠ �20 log 2⇣[dB]t‡, ⌅¡� 0 ⇠ �90ƒL¿ ⇣å.
⇤ !n < ! < 10!n l⌅– �t⌧, l0 �20 log 2⇣ ⇠ �40[dB]t‡, ⌅¡� �90 ⇠ �180ƒL¿
⇣å\‰.

⇤ 10!n < ! < 1 l⌅– �t⌧, l0 ƒî -40[dB]/decadeX 0∏0| �¿p, ⌅¡�@ -
180ƒ– 8<Ï à‰.
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– 2⌧X ıå �⇣D �¿î Ω∞

20 log

vuut
 
1�

✓
!

!n

◆2
!2

+

✓
2⇣

!

!n

◆2

=

8
>><

>>:

0[dB] if ! ⌧ !n

20 log 2⇣[dB] if ! = !n

40 log !
!n
[dB] if ! � !n

tan�1

0

B@
2⇣ !

!n

1�
⇣

!
!n

⌘2

1

CA =

8
>><

>>:

0� if ! ⌧ !n

90� if ! = !n

180� if ! � !n

– 2( xêX ¸¨ Ùp ƒ
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