
Problem 3.3 

𝑥𝑐 = 𝐴𝑐,1 + 𝑎𝑚𝑛(𝑡)-cos(𝜔𝑐𝑡) 

Demodulate with 2 cos(𝜔𝑐𝑡) + 𝜃(𝑡) 

𝑦 = 𝐴𝑐,1 + 𝑎𝑚𝑛(𝑡)- cos(𝜔𝑐𝑡) ∙ [2 cos(𝜔𝑐𝑡 + 𝜃(𝑡))]

= 𝐴𝑐,1 + 𝑎𝑚𝑛(𝑡)-(cos(2𝜔𝑐𝑡) + cos(𝜃(𝑡))) 

After filtering out the high frequency part 

𝑦 = ,1 + 𝑎𝑚𝑛(𝑡)-(cos(𝜃(𝑡))) 

Coherent demodulation indicates that θ(t) is given, therefore, mn(t) can be recovered 

 

Problem 3.13 

a. 

y(t) = 4x(t) + 2𝑥2(𝑡) = 4(𝑚(𝑡) + cos(𝜔𝑐𝑡)) + 2(𝑚(𝑡) + cos(𝜔𝑐𝑡))
2

= 1 + 4(1 + 𝑚(𝑡)) cos(𝜔𝑐𝑡) + 2cos(𝜔𝑐𝑡)
2

= 1 + 4𝑚(𝑡) + 2𝑚2(𝑡) + 4(1 + 𝑚(𝑡)) cos(𝜔𝑐𝑡) + cos(2𝜔𝑐𝑡) 

b. using a bandpass filter to get m(t) at ωc, if spectrum of m(t) is within frequency 

0~W, then the BW of the filter is 2W 

c.  

g(t) = 4(1 + 𝑚(𝑡)) cos(𝜔𝑐𝑡) = 4(1 +𝑀𝑚𝑛(𝑡)) cos(𝜔𝑐𝑡) 

modulation index = M = 0.1 

 

Problem 3.15 

𝑥𝑐(𝑡) =
1

2
𝐴𝑐,2 cos(2𝜋𝑓𝑚𝑡) + cos(4𝜋𝑓𝑚𝑡)- cos(2𝜋𝑓𝑐𝑡)

±
1

2
𝐴𝑐,2 sin(2𝜋𝑓𝑚𝑡) + sin(4𝜋𝑓𝑚𝑡)- sin(2𝜋𝑓𝑐𝑡) 

𝑥𝑐(𝑡) = ,2 cos(2𝜋(𝑓𝑚 + 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 + 𝑓𝑐)𝑡) + 2 cos(2𝜋(𝑓𝑚 − 𝑓𝑐)𝑡)

+ cos(2𝜋(2𝑓𝑚 − 𝑓𝑐)𝑡)- ± ,−2 cos(2𝜋(𝑓𝑚 + 𝑓𝑐)𝑡)

− cos(2𝜋(2𝑓𝑚 + 𝑓𝑐)𝑡) + 2 cos(2𝜋(𝑓𝑚 − 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 − 𝑓𝑐)𝑡)- 

When the ‘±’ sign is + 

𝑥𝑐(𝑡) = ,2 cos(2𝜋(𝑓𝑚 − 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 − 𝑓𝑐)𝑡)-

+ ,2 cos(2𝜋(𝑓𝑚 − 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 − 𝑓𝑐)𝑡)-

= 2,2 cos(2𝜋(𝑓𝑚 − 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 − 𝑓𝑐)𝑡)- 

Lower subband SSB 

 

When the ‘±’ sign is - 

𝑥𝑐(𝑡) = ,2 cos(2𝜋(𝑓𝑚 + 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 + 𝑓𝑐)𝑡)-

− ,−2 cos(2𝜋(𝑓𝑚 + 𝑓𝑐)𝑡) − cos(2𝜋(2𝑓𝑚 + 𝑓𝑐)𝑡)-

= 2,2 cos(2𝜋(𝑓𝑚 + 𝑓𝑐)𝑡) + cos(2𝜋(2𝑓𝑚 + 𝑓𝑐)𝑡)- 

Upper subband SSB 



 

Problem 3.18 

fLO = fi + fIF 

 

ratio = (25 + fIF) / (5 + fIF) 
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Problem 3.24 

𝑥𝑐(t) = 𝑅𝑒*𝐴𝑐𝑒
𝑗(2𝜋𝑓𝑐𝑡+𝛽 sin(2𝜋𝑓𝑚𝑡))+ = Re {𝐴𝑐 ( ∑ 𝐽𝑛(𝛽)𝑒

𝑗2𝜋𝑛𝑓𝑚𝑡

∞

𝑛=−∞

) 𝑒𝑗2𝜋𝑓𝑐𝑡}

= 𝐴𝑐 ∑ 𝐽𝑛(𝛽)cos(2𝜋𝑛(𝑛𝑓𝑚 + 𝑓𝑐)𝑡)

∞

𝑛=−∞

 

Amplitude: x-axis (n) for fc – nfm; y-axis is in unit of Ac 

 

Phase: x-axis (n) for  fc – nfm; y-axis is in unit of π 
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Problem 3.31 

a. 

𝑥𝑐(t) = 𝐴𝑐cos(2𝜋𝑓𝑐𝑡 + 2𝜋𝑓𝑑∫ 𝑚(𝛼)𝑑𝛼
𝑡

) 

ϕ(t) = 2π𝑓𝑑∫ 𝑚(𝛼)𝑑𝛼
𝑡

𝑡0

+ 𝜙0 = 2π ∙ 14∫ 5 cos(2𝜋(10𝛼)) 𝑑𝛼
𝑡

0

=
2π ∙ 14 ∙ 5

2𝜋 ∙ 10
sin(2𝜋(10𝑡)) 

modulation index = 7 

 

b.  

𝑥𝑐(t) = 𝐴𝑐cos(2𝜋𝑓𝑐𝑡 + 𝛽sin(2𝜋𝑓𝑚𝑡)) 

Where β = 7, fc = 2000, fm = 10 

𝑥𝑐(t) = 𝑅𝑒*𝐴𝑐𝑒
𝑗(2𝜋𝑓𝑐𝑡+𝛽 sin(2𝜋𝑓𝑚𝑡))+ = Re {𝐴𝑐 ( ∑ 𝐽𝑛(𝛽)𝑒

𝑗2𝜋𝑛𝑓𝑚𝑡

∞

𝑛=−∞

) 𝑒𝑗2𝜋𝑓𝑐𝑡}

= 𝐴𝑐 ∑ 𝐽𝑛(𝛽)cos(2𝜋𝑛(𝑛𝑓𝑚 + 𝑓𝑐)𝑡)

∞

𝑛=−∞

 

Amplitude: x-axis (n) for fc – nfm; y-axis is in unit of Ac 

 

Phase: x-axis (n) for  fc – nfm; y-axis is in unit of π 
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c. β is not << 1, NOT narrow band FM 

d. 

ϕ(t) = k𝑝𝑚(𝑡) = k𝑝 ∙ 5cos(2𝜋(10𝑡)) 

modulation index = 5．kp = 7, kp = 1.4 
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7. 

Matlab code: 

 

Ts = 0.001; 

t = -5:Ts:5; 

h = zeros(size(t)); 

non_zero = find(t ~= 0; 

h(non_zero) = 1 ./ (pi * t(non_zero)); 

x = cos(2*pi.*t); 

for (n = 1: 2*length(t)) 

  y(n) = 0; 

  for (m = 1 : length(t)) 

    if ((n – m) < length(t) & (n – m) > 0) 

    y(n) = y(n) + x(n – m) * h(m); 

    end 

  end 

end 

 

output: 

 

  



8. 

Ts = 0.001; 

t = -5:Ts:5; 

m = cos (2*pi*10.*t); 

% modulation 

xc = m * cos(2*pi.*t) 

 

% demodulation 

yd = xc * cos(2*pi*10.*t); 

 

output of modulation 

 

Output of demodulation data yd  

 


