
Lecture # 09



Amplitude Modulation
 There are several different ways of amplitude 

modulating the carrier signal by m(t); each results in 
different spectral characteristics for the transmitted 
signals.

 Double Sideband- Suppressed Carrier AM

 Conventional Double Sideband AM

 Single Sideband AM

 Vestigial Sideband AM



Frequency Conversion



Frequency Conversion



Frequency Conversion
 To change the carrier frequency 
c  of a modulated signal to an 
intermediate frequency I we 
use an oscillator to generate a 
sinusoid of frequency MIX such  
that
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EXAMPLE : Let m(t) 
be as shown.

)tcos()t(m)t( C

SPECTRA





0
cc

I I

0

)(M 

)(

)(E1 

0



Conventional Double Sideband AM





Amplitude Modulation
 Why DSB-SC not working: do not know the carrier frequency in 

receiver.

 The last impulse functions indicate that the carrier is not suppressed in 
this case. For some M() shown, the modulated signal spectrum is as 
shown.

 With this type of AM the demodulation can be performed with/without  
a local oscillator synchronized with the transmitter.
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AM Example
• m(t) has a minimum value of about -0.4. Adding a dc offset of A=1 

results in A+m(t) being always positive. Therefore the positive 
envelope of is just A+m(t). An envelope detector can be used to 
retrieve this.  
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AM Example (contd.)
 The choice of dc offset  should be such that A+m(t) should always be 

positive. Otherwise envelope detector cannot be used, but coherent still 
ok

 For example, the minimum value of m(t) = -0.4 . Therefore A > 
|min(m(t))| for successful envelope detection. What if A< |m(t) |. 

 In the previous example let A=0.3.
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Generation of AM signal
 AM genarator



AM Decoder

 Rectifier Detector: synchronous

 Envelope Detector: asynchronous



Envelop Detector



QAM



QAM (contd.)



QAM

 AM signal  BANDWIDTH :  AM signal bandwidth is twice the bandwidth of 
the modulating signal. A 5kHz signal requires 10kHz bandwidth for AM 
transmission. If the carrier frequency is 1000 kHz,  the AM signal spectrum is 
in the frequency range of 995kHz to 1005 kHz.

 QUADRARTURE AMPLITUDE MODULATION is a scheme that allows two 
signals to be transmitted over the same frequency range.

 Coherent in frequencyand phase. 



Amplitude Modulation: Single Sideband







Time Domain Representation of SSB Signals
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Time Domain Representation of SSB Signals
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Transfer function of a Hilbert transformer



Time Domain Representation of SSB Signals
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Time Domain Representation of SSB Signals
• SSB signal can be expressed in terms of m(t) and its 

Hilbert transform
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Time Domain Representation of SSB Signals





SSB Generator

• Selective Filtering using filters with sharp cutoff characteristics.  Sharp cutoff filters are 
difficult to design. The audio signal spectrum has no dc component, therefore , the 
spectrum of the modulated audio signal  has a null around the carrier frequency. This 
means a less than perfect filter can do a reasonably good job of filtering the DSB to 
produce SSB signals.

• Baseband signal must be bandpass

• Filter design challenges

• No low frequency components
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SSB Demodulation
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Synchronous, SSB-SC demodulation

SSB+C, envelop detection





SSB vs. AM
 Since the carrier is not transmitted, there is a reduction by 

67% of the transmitted power (-4.7dBm). --In AM @100% 
modulation: 2/3 of the power is comprised of the carrier; with 
the remaining (1/3) power in both sidebands.

 Because in SSB, only one sideband is transmitted, there is a 
further reduction by 50% in transmitted power 

 Finally, because only one sideband is received, the receiver's 
needed bandwidth is reduced by one half--thus effectively 
reducing the required power by the transmitter another 50% 

 (-4.7dBm (+) -3dBm (+) -3dBm = -10.7dBm).

 Relative expensive receiver



Telephone Channel Multiplexing
Almost all long-haul telephone channels were multiplexed 
by FDM using SSB signals.



Questions?


