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3.5 Properties of continuous-time Fourier series 

3.5.1 Linearity 
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3.5.4 Time scaling 

3.5.5 Multiplications 

(Prob. 3.46) 
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3.5.6 Conjugation and conjugate symmetry 

3.5.7 Parseval’s relation for continuous-time periodic signal 
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(Prob. 3.46) 

(Prob. 3.42) 
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Discrete-time Periodic Signal 
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3.6 Fourier series representation of discrete-time periodic signals 

3.6.1 Linear combinations  

         of harmonically related complex exponentials 
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3.6.2 Determination of the Fourier series representation of a periodic signal 
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Problem 3.54  Show that 
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: periodic convolution 

3.7 Properties of discrete-time Fourier series 

3.7.2 First difference 

3.7.1 Multiplication 
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3.7.3 Parseval’s relation to discrete-time periodic signals 
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3.7.4  Examples 
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3.8 Fourier series and LTI systems 
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][][ nunh n

nNjnNj ee
N

n
nx )2()2(

2

1

2

12
cos][  




















 
00

)()(
n

nj

n

njnj eeeH  





 j

j

e
eH




1

1
)(



     Dept. of Electronics Eng.                                                                                                        DH26029 Signals and Systems 

                                                                                                             

-26- 

)
2

cos(][        

1

1
let        weIf

1

1

2

1

1

1

2

1
       

)(
2

1
)(

2

1
][

/2

)/2(

/2

)/2(

/2

)/2(/2)/2(/2




























































n
N

rny

re
e

e
e

e
e

eeHeeHny

j

Nj

nNj

Nj

nNj

Nj

nNjNjnNjNj



     Dept. of Electronics Eng.                                                                                                        DH26029 Signals and Systems 

                                                                                                             

-27- 

  







 kn

N
jeHjeHny

kj
N

k
N

j  2
exp)( exp)(][  

22

















 kn

N
jkn

N
enx

knj
N

 2
sin

2
cos][

2

knjkj
NN eeHny
 22

)(][ 















n

kj
kn

N
jnheH N
 2

exp][)(
2

















 )(

2
exp)(

22 k
N

jk
N

j

eHkn
N

jeH
 







 )(

2
cos)(

22 k
N

jk
N

j

eHkn
N

eH
 







 )(

2
sin)(

22 k
N

jk
N

j

eHkn
N

eHj
 

The output of the sinusoidal input for LTI systems 
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The output of the LTI systems using Fourier series 
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Filter 

Change the shape of the spectrum 

 

Ex: Equalizer 

      Bass control 

      Treble control 
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3.9 Filtering 

3.9.1 Frequency shaping filter 
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Ex.) Figure 3.24, page 235 
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Edge detection 

Highpass filter 
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For Discrete-time systems 

Lowpass filter 
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Lowpass filter 

Passband 

Stopband 

Highpass filter 

Bandpass filter 

3.9.2 Frequency selective filters 
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3.10 Examples of continuous-time filters described  

        by differential equations 
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3.11 Examples of discrete-time filters described  

        by difference equations 

3.11.1 First-order recursive discrete-time filters 
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: step response 

0< a < 1 -1< a < 0 
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3.11.2 Nonrecursive discrete-time filters 
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M = N =16 

M = N =32 
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