Problem 3.3
x. = Ac[1 + am, (t)]cos(w,t)
Demodulate with 2 cos(w,t) + 6(t)
y = A.[1+ am,(t)] cos(w.t) - [2 cos(wct + H(t))]
= A:[1 + am,(t)](cos(Qw.t) + cos(6(t)))
After filtering out the high frequency part
y = [1+ am,(6)](cos(6(1)))
Coherent demodulation indicates that 4(t) is given, therefore, m,(t) can be recovered

Problem 3.13
a.
y(t) = 4x(t) + 2x2(t) = 4(m(t) + cos(w,t)) + 2(m(t) + cos(w,t))?

=1+ 4(1+m(@®)) cos(w.t) + 2cos(w,t)?

=1+ 4m(t) + 2m2(t) + 4(1 + m(t)) cos(w,t) + cos(2w,t)
b. using a bandpass filter to get m(t) at o, if spectrum of m(t) is within frequency
0~W, then the BW of the filter is 2W
C.

gt) = 4(1 + m(t)) cos(w,t) = 4(1 + an(t)) cos(w,t)

modulation index =M =0.1

Problem 3.15

x.(t) = %AC[Z cos(2mf,,t) + cos(4nf,,t)] cos(2nf,t)

+ %AC[Z sin(2rfy,t) + sin(4mfryt)] sin(2mf.t)

x:(t) = [2 cosRu(fy, + f2)t) + cosRr(2fy, + f)t) + 2 cosnr(fyy, — f)T)
+ cos(2n2fn — f)O)] £ [-2 cosr(fyy, + f)T)
—cosr2fy + fo)t) + 2cosu(f, — fo)t) + cosRu2fr, — f)t)]
When the ‘£’ sign is +
xc(t) = [2 cos(2n(fp, — fc)t) + cos(2m(2fr — f)P)]
+ [2 cos(2r(f;, — fo)t) + cos(2rn(2f;,, — fo) )]
= 2[2 cos2nu(fy, — fo)t) + cos(Qm(2f,, — fo)t)]
Lower subband SSB

When the ‘£’ sign is -
x.(t) = [2cosu(fy, + f)t) + cos(Qr(2f,, + f.)t)]
— [-2cos(2nt(f;, + fo)t) — cos(2m(2f;,, + fo) )]
= 2[2 cos2u(f,, + f)t) + cosu(2f,, + f)t)]
Upper subband SSB



Problem 3.18

flo="fi+fir

ratio = (25 + fig) / (5 + fir)
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Problem 3.24

xc(t) — Re{Acej(ancH[)’ sin(anmt))} = Re {Ac< Z ]n(‘B)ejZnnfmt) ejanct}

n=—oo

=4c ) J(B)cos@mn(nf + £

n=—oo

Amplitude: x-axis (n) for f; — nfy; y-axis is in unit of A,
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Problem 3.31
a.

x.(t) = Accos(2nf,t + 2mf, f m(a)da)

t t
o) =2nf; | m(a)da + ¢py = 21 - 14[ 5 cos(Zn(lOa)) da
to 0

_2m-14-5

= msin(Zn(lOt))

modulation index = 7

x:(t) = Accos(2rf,t + Bsin(2nfp,t))
Where g =7, f. = 2000, f, = 10

xc(t) — Re{ACej(anCHB sin(anmt))} = Re {Ac< Z ]n(ﬂ)eﬂnnfmt> ejanct}

n=-—oo

=4c ) J(B)cos@mn(nf + £

n=-—oo

Amplitude: x-axis (n) for f; — nfy,; y-axis is in unit of A
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c. Bisnot << 1, NOT narrow band FM
d.

¢ = k,m(t) =k, - 5cos(2m(10t))
modulation index =5 - k, =7, k, = 1.4



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(hon_zero));
X = €0S(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
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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
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