
 
 
1 The definition of AM modulation is given by  

)2cos()]](1[)( 0tftskAtx aAM π+= .  

Let )2cos()]](1[)( 011 tftskAtx a π+=  and )2cos()]](1[)( 022 tftskAtx a π+= . If AM is 

linear,  we must have )()()( 2121 txtxtx +=+ . But it is easy to verify  

)2cos()]()(1[)()( 02121 tftsktskAtxtx aa π++≠+ .  

Hence AM modulation is not linear. 
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Problem 2.6 
 
Let v1(t)= Ac(1+ kSm(t)) cos(2π fct) 
 
(a) Then the output of the square-law device is 
 
 v2(t)= a1v1(t) + a2v1

2(t) =  

     a1 Ac(1+ kSm(t)) cos(2π fct) + 
2
1

 a2 Ac
2(1+ 2kSm(t)+ kS

2m2(t) (1+ cos(4π fct)) 

 
(b)   The desired signal, a2 Ac

2kSm(t), is due to the a2v1
2(t), hence the name “square-law detection”.   This 

component can be extracted with a low-pass filter. This is not the only contribution within the 

baseband spectrum, because the term 
2
1

a2 Ac
2 kS

2m2(t) will contribute with similar frequency 

components. The ratio of wanted signal to distortion is 2/ kSm(t). To make this ratio large, the 
percentage modulation, that is, | kSm(t)| should be kept small compared with unity. 

 
 
 
Problem 2.9 
 
The two AM modulator outputs are 
 
s1(t)=Ac(1+ kSm(t)) cos(2π fct) 
 
s2(t)=Ac(1- kSm(t)) cos(2π fct) 
 
Now s(t)= s1(t)- s2(t)= 2 kS Acm(t) cos(2π fct)   , which represents a DSB-SC modulated signal.  
 
Problem 2.10 
 
(a)   Multiplying the signal by the local oscillator gives: 
 

s1(t)=Acm(t) cos(2π fct) cos(2π( fc+∆f)t) =
2

cA
 m(t)[ cos(2π ∆f t) + cos(2π(2 fc+∆f)t) 

 
 
After a low-pass filter we have : 
 

s2(t)= 2
cA

 m(t) cos(2π ∆f t) 

Thus the output signal is the messsage demodulated by a sinusoid of frequency ∆f 
 
 
 
 
 
 



(b) If m(t)= cos(2π fmt), then  
 

      s2(t)= 2
cA

  cos(2π fmt) cos(2π∆f t) 

 
 

 
 
 
 
 
 
 



7 a) As shown in class, the input of a QAM demodulator is 

)2sin()()2cos()()( 0201 tftstftstxQAM ππ −= . At the demodulator, the output of the first 

branch is  

)sin()()4sin()()cos()()4cos()(
)2cos()2sin()(2)2cos()2cos()(2
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After a LPF, we have )sin()()cos()( 21 θθ tsts + . 

Likewise, the output of the second branch is given by )cos()()sin()( 21 θθ tsts −  

b) When 
2
πθ = , the output of the first branch is and the output of the second branch is 
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