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Fourier Transform 

Motivation:
We need to define the frequency spectrum for 

a more general class of continuous time signals.
Fourier Transform is at the heart of modern
communication systems

We have defined the spectrum for a limited 
class of signals such as sinusoids and periodic 
signals. These kind of spectrum are part of
Fourier series representation of signals
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Fourier Series & Fourier Transform

periodic signal, with period

Time ‘t’0 20T20T-0T- 0T23 0T-25 0T- 02T-

0T

Interpretation of Fourier Transform from Fourier 
Series

Note that the shape of the signal is drawn arbitrarily
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Fourier Series & Fourier Transform contd…
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Now, assume that the period of the signal x(t) is infinite

Time ‘t’
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Fourier Series & Fourier Transform contd…
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Fourier Series & Fourier Transform contd…
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Fourier Series & Fourier Transform contd…
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Example

The periodicity is 
increased to show the
effect of higher period.
Notice that for fig.c, no
repetition is visible in
the plot. Also the 
spectrum plot for the
three cases shows an
interesting phenomenon.
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Fourier Transform Pair 1 contd….
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Fourier Transform Pair 1 contd….
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Fourier Transform Pair 2
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Fourier Transform Pair 2 contd….
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Fourier Transform Pair 2 -- Synthesis
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Fourier Transform Pair 3
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Fourier Transform Pair 3 -- Synthesis
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Fourier Transform Pair 4
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Fourier Transform Pair 5

0

0

0

0

0

0

0

( ) sin

( )    ( ),       

         

     (

         2 ( )  

             

) sin( )

( )
2

F

Fj t

Fj

t

t

j t j

x t X j use the identities from previous exampl

Find the Fourier Transform f

e

e

e

or x t t

e e
x t t

j

w

w

w w
w

w

pd w

w

w
-

-æ ö-
= = ç ÷ç ÷

¬¾®

¬¾® -

¬¾®

ø

=

è

0

0 00

1 21 2

                            

     

 

        ( ) ( )

- (

 

( ) ( )

) (

     

                     sin(

   

)

2 (

 

)

)

F

F

Time domain

ax t bx t

Frequency domain

aX j bX j

j

 

t j

 
pd

w w

pd w w pd w ww

w w

+

- +

¬¾®

¬¾® +

+

+



Fourier Transform Pair 5 contd….



Fourier Transform Pair 6

0

0

0

0

0

0

0

( )    ( ),       

                  2 ( )  

( ) cos( )
2

   

  

  (

            

) cos( )

F

Fj t

Fj

j t j t

t

x t X j use the identities from previous example

e

e

Find the Fourier Transfo

e e
x

rm

t t

for x t t
w w

w

w

w

pd w w

w

w

-

-æ ö+
= = ç ÷

¬¾®

¬¾® -

=

¬¾®

ç ÷
è ø

0

0 00

1 21 2

                            

    

 

( ) ( )       

        

 

        ( ) ( )

( )

  2 (

               ()

)

)cos(

F

F

Frequency domain

aX

Time domain

ax t j bX jbx

t

  

t w w

pd w w pd w w

pd w w

w

¬¾®

¬ - +¾® +

+

+

+



Periodic Signals
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Example: Square Wave
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Example: Square wave contd…
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Example: Impulse Train
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Table 2: Fourier Transform Pairs
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