
1

The Fourier transform
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Recommended readings:

• A Digital Signal Processing Primer, Ken Steiglitz. 
Addison-Wesley, 1996.

• The Computer Music Tutorial, Curtis Roads. MIT Press, 
1995.

• DSP First: A Multimedia Approach, J. H. McClelland, R. 
W. Schafer, M. A. Yoder. Prentice Hall, 1998.
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• Complex numbers
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Basic Mathematics
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• Rectangular co-ordinates
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• Polar co-ordinates
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• Complex exponential
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• Sine function
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• Euler’s identity
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• linear magnitude and dB
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(...basic mathematics)
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Continuous Fourier transform
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inverse transform:

Continuous time index in seconds

Continuous frequency index in radians per second
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Discrete Fourier transform (DFT)
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(... DFT)

a few periods
of a piano sound
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Inverse DFT:

∑
−

=

=
1

0

)(
1

)(
N

k

nj kekX
N

nx ω

FFT implementation of the DFT: divide-and-conquer

DFT: proportional to N2

FFT: proportional to N log N
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Frequency shifting
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Channel Filters
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Running-Sum Filtering
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Difference equation:

Frequency response:
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(… running-sum filtering)
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Spectral Analysis
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(…spectral analysis)
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(…spectral analysis)

20X. Serra

(…spectral analysis)
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(…spectral analysis)
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(…spectral analysis)
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DFT properties
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(... DFT properties)

• Evenness:
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DFT examples
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(…DFT examples)

[ ] ( )φω += njenx 0ˆ
3

1,,2,1,0 −= Nn Kfor

[ ] ( ) ( )

( )

( ) ( ) ( )( )( )
( )

( )0

0

00

0

0

ˆ2

ˆ2

1ˆ2ˆ20

1

0

ˆ2

1

0

2ˆ
3

1

1
ωπ

ωπ
φ

ωπωπφ

ωπφ

πφω

−−

−−

−−−−−−

−

=

−−

−

=

−+

−
−=

+++=

=

=

∑

∑

Nkj

NNkj
j

NNkjNkjjj

N

n

nNkjj

N

n

knNjnj

e

e
e

eeee

ee

eekX

K

( )( ) ( )( )
( )( )2ˆ2sin

2ˆ2sin

0

021ˆ2 0

ωπ
ωπωπφ

−
−= −−−

Nk

NNk
ee NNkjj



14

27X. Serra

(…DFT examples)


