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Transfer Function H(s) vs Frequency Response H(jw)

! H(jw) is often expressed in polar form:

Fourier Transform

ℱ{𝑥 𝑡 } = 𝑋 𝑗𝜔 = *
+

,
𝑥(𝑡)𝑒0123𝑑𝑡

Laplace Transform

ℒ{𝑥 𝑡 } = 𝑋 𝑠 = *
+

,
𝑥(𝑡)𝑒073𝑑𝑡

𝑠 = 𝑗𝜔

Frequency ResponseTransfer Function

𝐻(𝑠)
𝑠 = 𝑗𝜔

𝐻(𝑗𝜔)
L4.8 p423

Frequency 
Response

Amplitude Response

Phase Response9𝐻(𝑠)
7:12

= 𝐻 𝑗𝜔 = 𝐻(𝑗𝜔) 𝑒1 ∠<(12)

cos𝜔𝑡 𝐻(𝑗𝜔) cos[𝜔𝑡 + ∠ 𝐻 𝑗𝜔 ]

𝐻(𝑗𝜔)
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Frequency Response Example (1)

! Find the frequency response of a system with transfer function:

! Then find the amplitude and phase response y(t) for inputs:
(i)   x(t)=cos2t and     (ii)   x(t)=cos(10t-50°)

! Substitute s=jw
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Frequency Response Example (2)

2

2

0.01( )
25

H j ww
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=
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1 1( ) ( ) tan tan
0.1 5

j H j w ww w - -æ ö æ öF =Ð = -ç ÷ ç ÷
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for input x(t)=cos2t and x(t)=cos(10t-50°)
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Frequency Response Example (3)

! For input x(t)=cos2t, we have:

! Therefore

2

2

2 0.01( 2) 0.372
2 25

H j +
= =

+

1 12 2( 2) tan tan 65.3
0.1 5

j - -æ ö æ öF = - =ç ÷ ç ÷
è ø è ø

!

( ) 0.372cos(2 65.3 )y t t= + !
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! For input x(t)=cos(10t-50°), we will use the amplitude and phase response 
curves directly:

! Therefore

Frequency Response Example (4)

( 10) 0.894H j =

( 10) ( 10) 26j H jF =Ð = !

( ) 0.894cos(10 50 26 ) 0.894cos(10 24 )y t t t= - + = +! ! !
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Frequency Response of delay of T sec

! H(s) of an ideal T sec delay is:

! Therefore

! That is, delaying a signal by T has no effect on 
its amplitude.

! It results in a linear phase shift (with 
frequency), and a gradient of –T.

! The quantity:

is known as Group Delay.

( )           (Time-shifting property)sTH s e-=
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Frequency Response of an ideal differentiator

! H(s) of an ideal differentiator is:

! Therefore

! This agrees with:

! That’s why differentiator is not a nice 
component to work with – it amplifies
high frequency component (i.e. noise!).

/ 2( )    and    ( ) jH s s H j j e pw w w= = =

( )      and     ( )
2

H j H j pw w w= Ð =

(cos ) sin cos( / 2)d t t t
dt

w w w w w p= - = +
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Frequency Response of an ideal integrator

! H(s) of an ideal integrator is:

! Therefore

! This agrees with:

! That’s why integrator is a nice component to 
work with – it suppresses high frequency 
component (i.e. noise!).
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Frequency Response of Bulb Box
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Theoretical Frequency Response of Bulb Box

𝐺 𝑗𝜔 =
1000

0.038(𝑗𝜔)I+1.19(𝑗𝜔)K+43𝑗𝜔 + 1000


