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FIR Filters-II
Frequency Response
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Plot of Frequency Response
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Example1: Frequency Response
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Example 2: Frequency Response
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Generalization of Frequency Response
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Example 1
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Example 2: Generalization---L-point averaging  
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Dirichlet function plot with ‘L=11’
An even and symmetric function
Periodic with a period of 
Maximum value of 1 obtained with L’Hospital’s rule
Minimum value at 
The function has ‘L-1’ zero crossings
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Superposition
Output of a FIR system if the input is a sum of
complex exponential signals
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For a sinusoidal input to an FIR system
• Output frequency is same as input

•Amplitude of the output is input’s amplitude 
multiplied by the absolute value of frequency 
response function

• Output sinusoid’s phase is shifted by the amount
of  phase in the frequency response function

Conclusions



Generalization
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This frequency response represents a low pass filter
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Frequency response function can be directly
derived from the impulse response, which in
the case of FIR filter are filter coefficients
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Only Magnitude, 
an example of 
high pass filter

Magnitude along 
with phase for half
a cycle ‘0’ to ‘pi’

Fig.9.9



{ } { } { }

ˆ ˆ

ˆ ˆ
ˆ

ˆ ˆ2

       ,

ˆ( ) (3 2cos( ))

           3 2
2

           1 3

[ ] 1,3, 1

     ,
[ ]

j j

j j
j

j j

k

The frequency response of a FIR system is

H e e

e ee

e e
h k b
The difference equation for the filter
y n

w w

w w
w

w w

w-

-
-

- -

= -

ì üæ ö+ï ï= -í ýç ÷
ï ïè øî þ

= - + -

= - - =

[ ] 3 [ 1] [ 2]x n x n x n= - + - - -

Example 3



Summary: Properties of ˆ( )jH e w

ˆ ˆ( 2 )

ˆ ˆ*

*
ˆ ˆ ˆ* *

0 0

ˆ ˆ* ( )

0

( ) ( )
 

( ) ( )

( )

            ( )

j k j

j j

M M
j j k j k

k k
k k

M
j k j

k
k

Periodicity

H e H e
Conjugate Symmetry

H e H e

H e b e b e

b e H e

w p w

w w

w w w

w w

+

-

-

= =

- - -

=

=

=

æ ö= =ç ÷
è ø

= =

å å

å



ˆ ˆ( 2 )   ( ) ( )j k jPeriodicity H e H ew p w+ =

ˆ ˆ*    ( ) ( )j jConjugate Symmetry H e H ew w- =

ˆ ˆ

[ ] [ ] [ 1]

( ) 1j j

y n x n x n

H e ew w-

= - -

= -

{ˆ
ˆ ˆ2 2       0

( )
ˆ ˆ2 2       - 0

j

H e
w

p w w p

p w p w

- < <
Ð =

- - < <

Notice the phase

Fig.9.11



Summary: Properties of ˆ( )jH e w
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