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 D`³q ·? 0` j\³[ ·﹋ ¿︺?1G a½<²1°F﹞ ċ]°﹋ `0a﹊G

 D`³q ·? D`³q ·? ]±0³G ¿﹞

~³¬N﹞ 1½ f³°Âiď︿¨FZ﹞ ¾1½ g±1﹋a﹁ `\ 1½ f³°Âh﹋

\³m ¿﹞ <au D²1﹀F﹞ =Ãau ﹉Ã `\ ﹉Ã a½ ·﹋ \³m ·Fm³±Ċ

·Ã`³﹁ ¾ai
Fourier Series

 ·﹋ ¿︺?1G a½]m1>± <²1°F﹞
Ě]m1? ¿½1°F﹞ ®2 ¿°V°﹞ aÃb EW1h﹞ 1﹞0ęċ

 D`³q ·? D`³q ·? ]±0³G ¿﹞

﹋0a﹍F±0 1½ f³°Âiď︿¨FZ﹞ ¾1½ g±1﹋a﹁ `\ 1½ f³°Âhل

\³m ¿﹞ <au ®b² ︹?1G ﹉Ã `\ ﹉Ã a½ ·﹋ \³m ·Fm³±Ċ

·Ã`³﹁ ﹏Ã]>G
Fourier Transform
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]°﹋ ¿﹞ ¶`1m0 aÃ³pG ﹉ÃĊ

 ċ·Ã`³﹁ ﹏Ã]>G b0 ف]½

¿x[ ¿>Â﹋aG D`³q ·? 1ل°﹍Âi ﹉Ã ¿Ã1¬±b1? b0

¿i³°Âi ¾1½ 1ل°﹍Âi
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jIRC 

 sincos je j

1j

w¨FZ﹞ \]︻
Complex Number

jIRC  L²\c﹞
Conjugate




jeC

jCC )sin(cos

),(arctan2
22 RIIRC 
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Sifting Property

 ]W0² ¾ ·?auĚ·Fi³ÂCę
Unit Impulse

 ]W0² ¾ ·±³¬±Ě·Fhh﹎ę
Unit Sample
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THE FOURIER TRANSFORM

·Fi³ÂC ·Ã`³﹁ ﹏Ã]>G






 dueuFxf uxj2)()(

 








 dydxeyxfvuF vyuxj )(2),(),(






 dxexfuF uxj2)()(

 








 dvduevuFyxf vyuxj )(2),(),(

 sincos je j

﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G�¾]︺?
One-dimensional Fourier Transform 

﹉Ã ¾ ·Ã`³﹁ f³﹊︺﹞ ﹏Ã]>G�¾]︺?
One-dimensional Inverse Fourier Transform 

1j

·Fi³ÂC E©1W
Continuous Case

²\ ¾ ·Ã`³﹁ ﹏Ã]>G�¾]︺?
Two-dimensional Fourier Transform 

²\ ¾ ·Ã`³﹁ f³﹊︺﹞ ﹏Ã]>G�¾]︺?
Two-dimensional Inverse Fourier Transform 
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 ¾ ·﹀©µ﹞ w﹆﹁ ċE?1K ︹?1G ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>GDC  \`0\ 0`Ěa﹀q g±1﹋a﹁ čę·?au

Ei0 E?1K `0]﹆﹞ ﹉Ã ċ·?au ︹?1G ¾ ·Ã`³﹁ ﹏Ã]>GĊ
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 <²1°G ¾ ¶`²\ 1? ·?au `1x﹇ ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G  

 <²1°G ¾ ¶`²\ 1? ·?au `1x﹇ ﹉Ã Ei0Ċ

ċ¿i³°Âh﹋ ︹?1G ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G

 =i1°﹞ g±1﹋a﹁ `\ ®`1﹆F﹞ E>J﹞ ¾ ·?au ︹?1G ﹉ÃĚ¿﹀°﹞ ² E>J﹞ ęEi0Ċ
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ċ¿i³°Âi ︹?1G ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G

g±1﹋a﹁ ﹉Ã `\ ¿﹀°﹞ ¾ ·?au ︹?1G ﹉Ã ² E>J﹞ g±1﹋a﹁ ﹉Ã `\ E>J﹞ ¾ ·?au ︹?1G ﹉Ã Ei0 ¿﹀°﹞Ċ

ċ¿︺?a﹞ g©1C ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G

Ei0 ﹉°Âi ︹?1G ﹉ÃĊ
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 1? ·Fhh﹎ ︹?1G ﹉Ã ·x﹆±

®2 ¾ ·Ã`³﹁ ﹏Ã]>G ²

 1? ·Fhh﹎ ︹?1G ®1¬½ ·x﹆±

﹀qaÂ︾ v1﹆± \0]︺G a?0a?²\ 1?a

®2 ¾ ·Ã`³﹁ ﹏Ã]>G ²
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۱ ę·Fi³ÂC ︹?1G ﹉Ã

۲ ę¾0a? ¶\1﹀Fi0 \`³﹞ ¾ ·?au `1x﹇

¾`0\a? ·±³¬± ]°Ã2a﹁ ¾b1i ل]﹞

۳ ę¶]m ¾`0\a? ·±³¬± ︹?1G

 ·Fi³ÂC ︹?1G <au b0 ﹏﹊lF﹞Ě۱ ę ·?au `1x﹇ ²Ě۲ę

% ę ¾aÂ﹎ 0لa﹍F±0 b0 ﹏q1W ·±³¬± aÃ\1﹆﹞

¿©1?a︾ EÂq1[ b0 ¶\1﹀Fi0 ²





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۱ ę]±1? ︹?1G ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G�\²]V﹞

۲ ęa}1°F﹞ ¾ ¶]m ¾`0\a? ·±³¬± ︹?1G ﹏Ã]>G

 kÂ? wÃ0am `\� ¾`0\a? ·±³¬±over-sampling

۳ ę `\ a}1°F﹞ ¾ ¶]m ¾`0\a? ·±³¬± ︹?1G ﹏Ã]>G

 ¿±0aV? ¾`0\a? ·±³¬±  wÃ0amcritically-sampling

% ęa}1°F﹞ ¾ ¶]m ¾`0\a? ·±³¬± ︹?1G ﹏Ã]>G

aÃb wÃ0am `\�  ¾`0\a? ·±³¬±under-sampling
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۱ ę]±1? ︹?1G ﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G�\²]V﹞

۲ ę ¿±0aV? ¾`0\a? ·±³¬±  b0 ﹏q1W ﹏Ã]>G

critically-sampling Ei0 ︹?1G ®1¬½Ċ
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<²1°G ¾ ¶`²\ ﹉Ã L0aZFi0

\²]V﹞ ]±1? ︹?1G ﹉Ã ﹏Ã]>G
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﹌°Âi1Â©2

۱ę

±1? ︹?1G ﹉Ã ·Ã`³﹁ ﹏Ã]>G ]

¾`0\a? ·±³¬±aÃb 1? \²]V﹞

Ě 1? `²1N﹞ ¾1½ ¶`²\ ¾1½ ﹏[0]G

Ei0 ¶]m ¶\0\ ®1l± ¯ÂS  w[ęĊ

۲ę

̄ ﹎_` Ã0[¶ 2ل ÂÃ1C aF¨Â﹁

۳ę

 <auĚ۱ ę ²Ě۲čę

 aN°﹞ `²1N﹞ ¾1½ ¶`²\ ﹏[0]G

 ·?﹌°Âi1Â©2  b0 ² ¶]m

 ¿¨q0 ︹?1G ﹏﹞1﹋ ¾b1ib1?

Ei0 ¶\a﹋ ¾aÂ﹎³¨OĊ
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﹌°Âi1Â©2

 b0 ¿lÃ1¬±﹌°Âi1Â©2č

 ¶]m ¾`0\a? ·±³¬±aÃb ︹?1GĚ¶1Âi v1﹆± ęC `1Âh? ¿h±1﹋a﹁ ¾0`0\ ¿i³°Âi L³﹞ ﹉Ã ·Â>m a|± ·? b0 aG ̄ ÂÃ1

]i` ¿﹞ ·Fi³ÂC 1ل°﹍Âi g±1﹋a﹁Ċ

 ¿i³°Âi 1ل°﹍Âi <²1°G ¾ ¶`²\2 ]½\ ¿﹞ X` `1? ﹉Ã ¾0 ·Â±1K ċ¿﹆﹁0 `³V﹞ a﹀q 1? \`³[a? ﹏V﹞ gC ċEi0Ċ

 ċ1½ ·±³¬± ¯Â? ¾ ·¨q1﹁ Ei0Ċ
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¶]m ¾`0\a? ·±³¬± ¾1½ ¶\0\ ¾²` b0 ¿¨q0 ︹?1G ¾b1ib1?

 





n

tntnttnftf /)(sinc)()(



 ¿Ã1°Â? ¿±1>﹞G³ÂB﹞1﹋¾a

g±1﹋a﹁ ¾ ¶b³W `\ ®\a﹋ aF¨Â﹁

(DFT)
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·Fhh﹎ ·Ã`³﹁ ﹏Ã]>G

 sincos je j

﹉Ã ¾ ·Ã`³﹁ ﹏Ã]>G�¾]︺?
One-dimensional Fourier Transform 

﹉Ã ¾ ·Ã`³﹁ f³﹊︺﹞ ﹏Ã]>G�¾]︺?
One-dimensional Inverse Fourier Transform 

1j

·Fhh﹎ E©1W
Discrete Case

1,...,2,1,0for 

)(1)(
1

0

/2



 






Mu

exf
M

uF
M

x

Muxj

1,...,2,1,0for 

)()(
1

0

/2










Mx

euFxf
M

u

Muxj
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f³°Âh﹋ ² f³°Âi 1? ·Fhh﹎ ¾ ·Ã`³﹁ ﹏Ã]>G ¿Ã1¬±b1? č¿h±1﹋a﹁ ¾ ·﹀©µ﹞ ² g±1﹋a﹁ ¾ ¶b³W

1,...,2,1,0for  Mu







1

0
]/2sin/2)[cos(1)(

M

x

MuxjMuxxf
M

uF

 sincos je j

 cos)cos(1,...,2,1,0for 

)(1)(
1

0

/2



 






Mu

exf
M

uF
M

x

Muxj

g±1﹋a﹁ ¾ ¶b³W
Frequency Domain
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