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[4.8] Implementation issues:
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Problem Solutions

Modulator construction Square mod [4.56]; SW mod [4.58], 

Demodulator construction; 
Synchronization between the two (local) 
carriers/oscillators

AM (Additional carrier component is 
transmitted) + Rectifier/Envelope 
Detector [4.71-4.72]

Spectral inefficiency [Sec. 4.6] Bandwidth-Efficient Mod.



DSB = double sidebands
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 [2.30]When 𝑚 𝑡 is real-
valued, its spectrum 𝑀 𝑓
has conjugate symmetry.

 [4.9] With such message, the 
corresponding modulated 
signal’s spectrum 𝑋 𝑓 will 
also inherit the symmetry but 
now centered at 𝑓 (instead of 
at 0).

 The portion that lies above 𝑓
is known as the upper 
sideband (USB) and the 
portion that lies below 𝑓 is 
known as the lower 
sideband (LSB). 

 Similarly, the spectrum 
centered at 𝑓 has upper and 
lower sidebands.
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[Figure 31 in Example 4.80]
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LTE
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Three Forms of QAM
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Emphasize that there are two messages

Emphasize that the messages are embedded 
in both amplitude and phase of the carrier

Emphasize the use of the combined complex-
valued representation of the two messages.
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