
Filters 
Discrete-time filter 
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Band-pass 
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Continuous-time filter 

Ideal low-pass filter Ideal high-pass filter Ideal band-pass filter 
( ) ( )

0
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pass band: |ω | < ω0 |ω| > ω0 ω1 < |ω| < ω2 
stop band: |ω | > ω0 |ω| < ω0 |ω| < ω1 and |ω| > ω2 

• ω0 ⇒ cut-off frequency 
• Noise reduction via pre-emphasis / de-emphasis 

interesting signal x(t) ⇒ low-pass 
noise n(t) ⇒ broadband (flat ( )N̂ ω ) 
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y(t) contain less high-frequency content 
• Want: w(t)*hdesired(t) = ydesired(t)  
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Frequency-division multiplexing 
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Amplitude Modulation 

• To transmit low-pass signal over a high-pass channel 

AM with synchronic demodulation 

• ωc = carrier frequency >> 2ωm 
• Encode 
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• Decode (Demodulation) 
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• need exactly the same cos(ωct) at both transmitter and receiver 

AM with asynchronous demodulator 

• Encode 

( ) ( )
modulationchoose small enough m ( )

1 ;
that make   0

 in
 t

de
,

x
f t m x t

f(t)


= + ⋅  > ∀
 

For ( )( )min 0x t < , choose 
( )( )tx

m
min

1−
<  

( ) ( ) ( ) ( )( ) ( )
( ) ( ) ( )

cos 1 cos

cos cos
c c

c c

z t f t t m x t t

t m x t t

ω ω

ω ω

= × = + ⋅ ×

= + ⋅ ⋅
 

( ) ( ) ( )( ) ( ) ( )( )ˆ
2c c c c

m
Z X Xω πδ ω ω πδ ω ω ω ω ω ω= − + + + − + +

) )
 

• Decode 
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• Use lots of transmitter power to send cos(ωct)-term in z(t) 

Time-division multiplexing 

•  



 

T0 =  4a 
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Use T0 = 4a (Use the max. separation) 

 


