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Digital communication system
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4.3 The telephone channel

4.4 The wireless channel
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Gain distortion

At transmitter or modulator
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1) Wired case

2) Wireless case
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Group Delay
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𝐺𝑟𝑜𝑢𝑝𝐷𝑒𝑙𝑎𝑦 𝜔 = −
𝑑𝜃(𝜔)

𝑑𝜔
𝜔 = 2𝜋𝑓



FIR filter delay

FIR filter delay might be dependent with 

frequency range
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Low pass 

filter

Delay difference



Up-conversion and down-conversion
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Up-conversion at TX

Channel Down-conversion 

at RX



Local oscillator error cause frequency error
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Doppler shift
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Doppler shift
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Source of interference
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Source of noise
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Thermal noise
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EXAMPLE 4.1
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Telephone channel characteristics
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NRZ vs. Manchester encoding
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EXAMPLE 4.2
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Unguided propagation
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Multipath distortion
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Multipath fading

- Ricean and Rayleight -
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Frequency selective fading
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Need one presenter

 Each presenter shall chose two problems 

from 4.2 and 4.3.

 Show your answer at the beginning of next 

lecture. Each has 5 minutes.

 Next lecture will be 11/25 (mon)
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