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Why is there so many peaks in 
spectra?

• Fourier transform is complex transform

• Data set is finite

• We can compute only approximately

• Data set is not equally spaced

• Signal is not harmonic

• The signal can contain more frequencies

• Signal parameters change in time

• Observations are noisy



  

Fourier transform is complex 
transform

Leonhard Paul Euler
April 15, 1707

September 18 [O.S. September 7] 1783



  

But harmonics are real!

Claudius Ptolemaeus (Ptolemy)
ca. 90 – ca. 168 AD



  



  

The most important algebraic 
property of abstract clocks

Just clock which is not
working (rotating) at all



  

Phases and rotators



  

Definition of trigonometric functions

Similarly

Using “back-rotation”



  

Euler’s formula again



  

The Fourier Transform and its 
Inverse in another format
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The Fourier transform of exp(iω0 t)
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The function exp(i 0t) is the essential component of Fourier analysis. 

 It is a pure frequency. 
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The Fourier transform of cos(ω0 t) 
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Convolution

If



  

How

Convolution

works?



  

Ideal case, one component, one 
peak



  

Fourier transform is complex, 
harmonics are real



  

Data sets are finite



  

More
 peaks



  

We can compute only 
approximately

•Gibbs’ phenomenon

•Gibbs’ overshoot

Josiah Willard Gibbs 

(February 11, 1839 – April 28, 1903)



  

Gibbs’ phenomenon live



  

Windows I



  

Windows II



  

Use of windows



  

Signal is not harmonic



  

If T is your sampling rate which corresponds to a frequency of fs, 
then signals with frequencies up to fs/2 can be unambiguously 
reconstructed. This is the Nyquist frequency, N:

N < fs/2

Nyquist Frequency



  

Comb function



  

Transform of comb function



  

Poisson sum


