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Two signals ( )x t  and ( )y t  are said to be orthogonal if *( ) ( ) 0x t y t dt
∞

−∞
=∫ , 

where *( )y t  denotes the complex-conjugate of ( )y t . Suppose two band-
pass signals are ( ) ( )x t p t= ⋅  exp( 2j ntπ ) and ( ) ( )y t p t= ⋅  exp( 2j ktπ ), 
respectively, where n  and k  are different integers and ( )p t  is a 
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baseband pulse with Fourier transform 
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(1)Find and plot the pulse ( )p t . 
(2)Find and plot the Fourier transforms of ( )x t  and ( )y t , respectively. 

(3)Prove the following property: * *( ) ( ) ( ) ( )x t y t dt X f Y f df
∞ ∞

−∞ −∞
=∫ ∫ , where 

( )X f  and ( )Y f  are the Fourier transforms of ( )x t  and ( )y t , re-

spectively. 
(4)Is ( )x t  and ( )y t  orthogonal? Prove it. 
(5)Suppose the channel outputs for ( )x t  and ( )y t  are ( ) ( ) ( )u t x t h t= ∗  

and ( ) ( ) ( )v t y t h t= ∗ , respectively, where ( )h t  is the impulse response 
of the linear-time invariant channel and * denotes convolution. Is ( )u t  
and ( )v t  orthogonal for any ( )h t ? Prove it. 

 （93交大電資學院專班電信組，訊號與系統） 
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 （此為 0n > 之情況） 
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(4) n與 k 為不同的整數，因此 
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故 ( )x t 與 ( )y t 為orthogonal。 
(5) ( ) ( ) ( )u t x t h t= ∗ ， ( ) ( ) ( )v t y t h t= ∗  

( ) :h t LTI channel之impulse response. 
* * * *( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )u t v t dt U f V f df X f H f Y f H f df
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20 ( ) 0H f df
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對任何 ( )h t 而言， ( )u t 與 ( )v t 均為orthogonal。 
  

 

Shown below are the characteristics of two low-pass filters 1( )H f  and 

2 ( )H f  and two high-pass filter 3 ( )H f  and 4 ( )H f . In the following 
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