Chapter 3

Problem 3.1

1) Figures 25 and 26 present the message and modulatedssigrsectively.

2) Spectrum ofn(t) andu(t) are given in Figures 27 and 28, respectively.

3) Figures 29, 30, 31 and 32 present the message signal, atedwsignal, spectrum of the message signal
and the spectrum of the modulated signaltfoe 0.4.

The MATLAB script for this problem follows.

% MATLAB script for Computer Problem 3.1.
% Matlab demonstration script for DSB-AM modulation. Thessagie signal
% is m(t)=sinc(100t).

echo off

t0=.4; % signal duration

ts=0.0001; % sampling interval

fc=250; % carrier frequency

snr=20; % SNR in dB (logarithmic)

fs=1/ts, % sampling frequency

df=0.3; % required freq. resolution 10
t=[0:ts:t0]; % time vector

snrlin=10"(snr'10); % linear SNR

m=sinc(100*t); % the message signal

c=cog2*pi*fc.*t); % the carrier signal

u=m.*c; % the DSB-AM modulated signal

[M,m,df1]=fftseq(m,ts,df); % Fourier transform

M=M/fs; % scaling

[U,u,df1]=fftseq(u,ts,df); % Fourier transform

U=Uffs; % scaling

f=[0:df1:df1*(length(m)—1)]—fs/2; % frequency vector 20
% plot the message signal

figure;

plot(t,m(1:length(t)))

xlabel("Time’)

% plot the modulated signal.

figure;

plot(t,u(1:length(t)))

xlabel('Time")

% plot the magnitude of the message and the
% modulated signal in the frequency domain. 30
figure;

plot(f,abdfftshift (M)))

xlabel(’Frequency)

axis([—1000 1000 0 9*107(—3)]);

figure;

plot(f,abdfftshift (U)))

xlabel(’Frequency)

axis([—1000 1000 0 4.5*10°(—3)]);
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Figure 25: The message sigmaft)
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Figure 26: The modulated signat)
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Figure 27: The spectrum of the message signal
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Figure 28: The message of the modulated signal
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Figure 29: The message sigma(t) for to = 0.4
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Figure 30: The modulated signaft) for to = 0.4
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Figure 31: The spectrum of the message signalsfer 0.4
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Figure 32: The spectrum of the modulated signaltfoe 0.4
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Figure 33: The message sigmaft)

The message signai(t) and the modulated signalt) are presented in Figures 33 and 34, respectively.
2)The spectrum of the message signal is presented in Fidgurd-igure 36 presents the spectrum of the

modulated signali(t).

3) Figures 37, 38, 39 and 40 present the message signal, atedwsignal, spectrum of the message signal
and the spectrum of the modulated signaltfoe 0.4.
The MATLAB script for this problem follows.

% MATLAB script for Computer Problem 3.2.

t0=.1;

n=0:1000;
ts=0.0001;
df=0.2;

fs=1/ts;

fc=250;

a=0.8;

t=[0:ts:t0];

m = sing(100%*t);
c=cog2*pi*fc.*t);
m_n=m/max(abgm));

[M,m,df1]=fftseq(m,ts,df);

M=M/fs;

% signal duration

% sampling interval

% frequency resolution
% sampling frequency
% carrier frequency

% modulation index
% time vector

% message signal

% carrier signal

% normalized message signal
% Fourier transform

% scaling

40
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Figure 34: The modulated signat)
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Figure 35: The spectrum of the message signal
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Figure 36: The spectrum of the modulated signal
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Figure 37: The message sigma(t) forto = 0.4

44

© 2007PearsorEducation)nc., UpperSaddleRiver,NJ. All rightsreservedThis materialis protectedunderall copyrightlaws
astheycurrentlyexist.No portionof this materialmaybe reproducedin anyform or by any meanswithout permissionn
writing from the publisher.



0.5

uct)
o

-2r I I I I I I I ]

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Time

Figure 38: The modulated signaft) for to = 0.4
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Figure 39: The spectrum of the message signalsfer 0.4
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Figure 40: The spectrum of the modulated signalt§os 0.4
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f=[0:df1:df1*(length(m)—1)]—-fs/2; % frequency vector

u=(1+a*m.n).*c; % modulated signal

[U,u,df1]=fftseq(u,ts,df); % Fourier transform

U=Uffs; % scaling

figure;

plot(t,m(1:length(t))) 20
xlabel('Time")

figure;

plot(t,u(1:length(t)))

axis([0 t0 —2.1 2.1])

xlabel('Time")

figure;

plot(f,abgfftshift (M)))

xlabel(’Frequency)

axis([—1000 1000 0 0.01));

figure; 30
plot(f,abgfftshift (U)))

xlabel(’Frequency)

axis([—1000 1000 O 0.06]);

Problem 3.3

1) Figures 41 and 42 present the message signal and its Hilbesform, respectively. The modulated signal
is presented in Figure 43.

2) The spectrum of the message sigmél) and the modulated LSSB signa(t) are presented in Figures 44
and 45, respectively.

3) Figures 46, 47, 48, 49 and 50 present the message sigrdilliert transform, modulated signal, spectrum
of the message signal and the spectrum of the modulated $igrig = 0.4, respectively.

The MATLAB script for this problem follows.

% MATLAB script for Computer Problem 3.3.

t0=.4; % signal duration

n=0:1000;

ts=0.0001; % sampling interval

df=0.2; % frequency resolution

fs=1/ts, % sampling frequency

fc=250; % carrier frequency

t=[0:ts:t0]; % time vector

m = sinc(100*t); % message signal

c=cog2*pi*fc.*t); % carrier signal 10
udsk=m.*c; % DSB modulated signal
[UDSB,udsshdfl]=fftsequdshts,df); % Fourier transform
UDSB=UDSB/fs; % scaling
f=[0:df1:df1*(length(udssh—1)]—fs/2; % frequency vector

n2=ceil(fc/df1); % location of carrier in freq. vector

% Remove the upper sideband from DSB.
UDSB(n2length(UDSB)—n2)=zerogsiz§UDSB(n2length(UDSB)—n2)));

ULSSB=UDSB; % Generate LSSB-AM spectrum.

[M,m,df1]=fftseq(m,ts,df); % Fourier transform

M=M/fs; % scaling 20
u=real(ifft (ULSSB))*fs; % Generate LSSB signal from spectrum.

%Plot the message signal

figure;

plot(t,m(1:length(t)))

48
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Figure 41: Message signail(t)
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Figure 42: Hilbert transform of the message signal)
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Figure 43: Modulated signal
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Figure 44: Spectrum of the message signal

52

© 2007PearsorEducation)nc., UpperSaddleRiver,NJ. All rightsreservedThis materialis protectedunderall copyrightlaws
astheycurrentlyexist.No portionof this materialmaybe reproducedin anyform or by any meanswithout permissionn
writing from the publisher.



x 10

45} b

U]

1.5 b

0.5

0
-1000 -500 0 500 1000
Frequency

Figure 45: The spectrum of the modulated signal
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Figure 46: Message signal(t) for ty = 0.4
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Figure 47: Hilbert transform of the message signaltfee 0.4
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Figure 48: Modulated signai(t) for tp = 0.4
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Figure 49: Spectrum of the message signatfcee 0.4
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Figure 50: Spectrum of the modulated signaltfpe= 0.4
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xlabel('Time")

%Plot the Hilbert transform of the message signal
figure;

plot(t, imag(hilbert (m(1:length(t)))))

xlabel('Time");

%plot the LSSB-AM modulated signal 30
figure;

plot(t, u(1:length(t)))

xlabel("Time’)

% Plot the spectrum of the message signal
figure;

plot (f,abg(fftshift (M)))

xlabel(’Frequency)

axis([—1000 1000 O 0.009]);

% Plot the spectrum of the LSSB-AM modulated signal 40
figure;

plot(f,abg(fftshift (ULSSB)))

xlabel(’Frequency)

axis([—1000 1000 0 0.005]);

Problem 3.4

1) The message signal(t) and the modulated signalt) are presented in Figures 51 and 52, respectively.
2) The demodulation output is given in Figure 53 §o= 0, 7 /8, /4, andr /2.

4) The demodulation output is given in Figure 54 §oe= 0, /8, /4, andr /2.

The MATLAB script for this problem follows.

% MATLAB script for Computer Problem 3.4.

t0=.1; % signal duration

n=0:1000;

ts=0.001; % sampling interval

df=0.2; % frequency resolution

fs=1/ts; % sampling frequency

fc=250; % carrier frequency

t=[0:ts:t0]; % time vector

m = sing(100%*t); % message signal

¢ = coq2*pi*fc.*t); 10
u=m.*c; % modulated signal

[M,m,df1]=fftseq(m,ts,df); % Fourier transform

M=M/fs; % scaling

plot(t,m(1:length(t)))

xlabel('t")

figure;

plot(t,u(1:length(t)))

xlabel('t")

% design the filter 20
fs = 0.16;

fp = 0.0999;
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Figure 51: The message sigmaft)
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Figure 52: The modulated signat)
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Figure 53: The demodulation output
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Figure 54: The demodulation output
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f=[0 fp fs 1];
m=[1 1 0 OQ];
deltal= 0.0875;
delta2= 0.006;
df = fs — fp;
w=[deltaZdeltal 1];
h=remez31,f,m,w);
30
f_cutoff=100;
fori =14
fi = [0 pi/8 pi/4 pi/2];
tit = [a’, 'b’, 'c’, 'd’];
y=u.*coq2*pi*fc.*t+fi(1));
dem = filter (h, 1, y);
figure(3);
subplot(2,2,i);
plot(t,dem(1:length(t)))
xlabel(’t’) 40
title (a’);
[Y.y,dfl]=fftseq(y,ts,df);
n_cutoff=floor (f_cutoff/df1);
f=[0:df1L:df1*(length(y)—1)]—fs/2;
H=zerogsizgf));
H(1:n_cutoff)=2*oneg1,n_cutoff);
H(length(f)—n_cutoff+1:length(f))=2*oneg1,n_cutoff);
Y=Y/fs;
DEM=H.*Y;
den¥real(ifft (DEM))*fs; 50
figure(4);
subplot(2,2,i);
plot(t,dem(1:length(t)))
xlabel(’t");
title (tit(i));
end

Problem 3.5

1) The message signai(t), the modulated signai(t) and the Hilbert transform of the message sighél)
are presented in Figures 55, 56 and 57, respectively.

2) The demodulation output is given in Figure 58 §oe= 0, /8, /4, andr /2.

4) The demodulation output is given in Figure 59 §oe 0, 7 /8, /4, andr /2.

The MATLAB script for this problem follows.

% MATLAB script for Computer Problem 3.5.

t0=.1; % signal duration
ts=0.001; % sampling interval
df=0.1; % frequency resolution
fs=1/ts, % sampling frequency
fc=250; % carrier frequency
t=[0:ts:t0]; % time vector

m = sinc(100*t); % message signal

m_h = imag(hilbert (m));
10
u = m.*coq2*pi*fc*t) + m_h .*sin(2*pi*fc*t);
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Figure 55: The message sigmaft)
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Figure 56: The modulated signat)
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Figure 57: The Hilbert transform of the message signal
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Figure 58: The demodulation output
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Figure 59: The demodulation output
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plot(t,m(1:length(t)))
xlabel(’t")

figure;
plot(t,m_h(1:length(t)))
xlabel(’t")

figure;
plot(t,u(1:length(t)))
xlabel(’t")

% design the filter
fs = 0.16;

fp = 0.0999;

f=[0 fp fs 1];

m=[1 1 0 0];
deltal= 0.0875;
delta2= 0.006;

df = fs — fp;
w=[deltaZdeltal 1];
h=remez31,f,m,w);

f_cutoff=100;

fori =14
fi = [0 pi/8 pi/4 pi/2];
tit = [a’, 'b’, 'c¢’, 'd'];
y=u.*coq2*pi*fc.*t+fi(1));
dem = filter (h, 1, y);
figure(4);
subplot(2,2,i);
plot(t,dem(1:length(t)))
xlabel('t")
title (a’);
[Y.y,dfl]=fftseq(y,ts,df);
n_cutoff=floor (f_cutoff/df1);
f=[0:df1:df1*(length(y)—1)]—fs/2;
H=zerogsizgf));
H(1:n_cutoff)=2*oneg1,n_cutoff);
H(length(f)—n_cutoff+1:length(f))=2*oneg1,n_cutoff);
Y=Y/fs;
DEM=H.*Y;
denrreal(ifft (DEM))*fs;
figure(5);
subplot(2,2,i);
plot(t,dem(1:length(t)))
xlabel(’t");
title (tit(i));

end
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Problem 3.6

1) The message signal and modulated signal are presentéglie$ 60 and 61
2) The demodulated received signal is presented in Figure 62
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Figure 60: Message signal
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Figure 61: Modulated signal
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Figure 62: Demodulated signal
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3) In the demodulation process above, we have neglectedfdet ef the noise-limiting filter, which is a
bandpass filter in the first stage of any receiver. In practieereceived signal is passed through the noise-
limiting filter and then supplied to the envelope detectorthis example, since the message bandwidth is
not finite, passing the received signal through any bandidgsswill cause distortion on the demodulated

message, but it will also decrease the amount of noise inghrdulator output.

The MATLAB script for this problem follows.

% MATLAB script for Computer Problem 3.6.

t0=.1; % signal duration

n=0:1000;

a=0.8;

ts=0.0001; % sampling interval

df=0.2; % frequency resolution

fs=1/ts; % sampling frequency

fc=250; % carrier frequency

t=[0:ts:t0]; % time vector

m = sing(100%*t); % message signal 10
c=cog2*pi*fc.*t); % carrier signal

m_n=m/max(abgm)); % normalized message signal

[M,m,df1]=fftseq(m,ts,df); % Fourier transform

f=[0:df1:df1*(length(m)—1)]-fs/2; % frequency vector

u=(1+a*m.n).*c; % modulated signal

[U,u,df1]=fftseq(u,ts,df); % Fourier transform

env=env.phagu, a); % Find the envelope.

demE2*(env—1)/g; % Remove dc and rescale.

% plot the message signal 20
plot(t,m(1:length(t)))

xlabel('Time")

% plot the modulated signal

figure;

plot(t,u(1:length(t)))

xlabel("Time’)

% plot the demodulated signal

figure; 30

plot(t,demi1:length(t)))
xlabel('Time’)
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