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單元學習目標與大綱 

 

• 討論 兩個信號 進行 相乘操作 之後， 

 與對應的 傅立葉級數係數 之間 的關係 

 

 

 



傅立葉級數 與 其係數 ak 

FS 
x[ n ] ak  

x[ n ] =                 ak    𝒆
jkw0n

k = <N>

 

ak =      
1

N
      x[ n ]   𝒆

−jkw0n

n = <N>

 

ak+rN =   ak 

w0 = 
2
N
  



信號相乘的關係 

• 假設有兩個信號：x[n] 與 y[n]，週期都是 N 

• 也就是， 

FS 
x[n] ak  

w0 = 
2
N
  

x[n] =  ak  𝒆
jkw0n

k = <N>

 

FS 
y[n] bk  y[n] =  bk  𝒆

jkw0n

k = <N>

 



信號相乘的關係 

• 如果第三個信號： z[n]  =    x[n]    y[n] 

• 則 z[n] 的傅立葉級數係數為： 

FS 
z[n]  ck z[n] =  ck  𝒆

jkw0n

k = <N>

 

ck   

 

ck  = 

 

=  am  bk − m
m = <N>

 



信號相乘的關係 

z[n]  =    x[n]    y[n] 

=   [   ak 𝒆
jkw0n

k=<N>   ]    [    bk 𝒆
jkw0n

k=<N>    ] 

=   [  am 𝒆
jmw0n

m=<N>  ]     [   br 𝒆
j r w0n

r=<N>   ] 

=          r=<N> am
 
 𝒆

jmw0n
m=<N>    br 𝒆

j r w0n
   

=          r=<N> am
 
  br  𝒆

j(m+r)w0n
m=<N>  



信號相乘的關係 
z[n]  = =          r=<N> am

 
  br  𝒆

j(m+r)w0n
m=<N>  

m + r  = k r  = k − m 

=          k=<N> am
 
  bk−m  𝒆

j(k)w0n
m=<N>  

=     k=<N>  
   am   bk−m  𝒆

j(k)w0n
m=<N>  

=     [k=<N>       am   bk−m   ]  𝒆
j(k)w0n

m=<N>  



信號相乘的關係 

z[n]   = =     [k=<N>       am   bk−m   ]  𝒆
j(k)w0n

m=<N>  

z[n]   = =                         ck                              𝒆
j k w0n

k =<N>

 

ck  = 

 

=  am  bk−m
m=<N>

 

• 也就是， ck  是：    ak  與  bk  的摺積計算操作 



信號相乘的關係 
FS 

x[n] ak  x[n] =  ak  𝒆
jkw0n

k = <N>

 

FS 
y[n] bk  y[n] =  bk  𝒆

jkw0n

k = <N>

 

FS 
z[n]  ck 

=  x[n]  y[n] 

=  am  bk−m
m=<N>

 



• Alan V. Oppenheim, Alan S. Willsky, S. Hamid, 

Signals & Systems,  

Prentice Hall, 2nd Edition, 1997 

 

• SciLab:  

Open source software for numerical computation 

http://www.scilab.org/ 
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