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Frequency response functions
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Mode shapes
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http://www.youtube.com/watch?v=9kS3dc3n2Y4

Application:
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Time history of a periodic function
--- Fourier series

y(t) 
A0

2
 An cosnt  Bn sinnt 

n1
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

J h F i (1768 1830)

n 1
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Joseph Fourier (1768 – 1830)
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Transient signal
---The Fourier transform
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The Fourier transform
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(Ref. E. Oran Brigham, The Fast Fourier Transform, Printice-Hall, 1974)
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Fourier transform properties
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Convolution, Correlation, and Power

[ * ]( ) ( ) ( ) ( ) ( )g h t g h t d G f H f  


  
Convolution --- time domain 

( ) ( ) ( ) ( ) ( ) ( )g h t g h t d G f H f    




    

[ ]( ) ( ) ( ) ( ) ( )g h t g h t d G f H f  




Autocorrelation if  g = h

Correlation
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Autocorrelation is equal to power 
spectrum |G(f)|2 in frequency domain.

2 2| ( ) | | ( ) |h t dt H f df
 

 

 

Total power --- Parseval’s theorem
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Convolution 
--- frequency domain 

周元昉

NTU50235100











n

tnfj
n

n
nn etnfBtnfA

A
ty 02

1
00

0 )]2sin()2cos([
2

)( 

Fourier series and sampled waveforms















 

nn T

n
f

T
 H(T)nTtth  1

                     )()(

X(f)H(f)Y(f)txthty                       )()()(

周元昉

)()()()( 000 ttthttth  

)(             )( 22 fdtetdfe ftjftj   











15

NTU50235100

周元昉

NTU50235100

周元昉



16

NTU50235100

周元昉

NTU50235100
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The discrete Fourier transform
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Effect of changing sample rate
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• Lowering the sample rate:

– Reduces the Nyquist frequency, which

– Reduces the maximum measurable frequency

– Does not affect the frequency resolution
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Effect of changing sampling duration
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• Reducing the sampling duration:

– Lowers the frequency resolution

– Does not affect the range of frequencies you can 
measure
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Measuring multiple frequencies
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直接計算：
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 次複數乘法

個乘法N有個方程式，每方程式，有

算法：FFT之2基底
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