
































6.02 Spring 2009 Lecture 15, Slide #1

In the following single sideband modulation example, 1e6 
samples/sec and 35000 bits/sec are used.  A signal is low-
pass filtered (with 20khz cutoff frequency) is modulated with 
a cosine at 200Khz.  Then the signal is high-pass filtered 
with a filter cutoff frequency of 200khz to produce a single 
side-band like spectrum and then demodulated with a 
cosine to recover the signal.

Note: In this example, the samples are using -0.5volts for 
zero and 0.5volts for one.  This eliminates a large component 
at DC, and removes an ambiguity with the single side-band 
like signal (If there is a large DC component, then after 
modulation there will be a large component of the spectrum 
at exactly 200khz that has to be divided in half for the single 
side-band to work properly).
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Spectrum of unfiltered samples
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Spectrum of LPF samples
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Time-domain Plot of LPF samples (32 bits)
Note Voltage range (-0.5 to 0.5)
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Plot of the modulated LPF’d spectrum
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High pass filter used to generate ssb
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High pass filtered Modulated signal
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LPF Demodulated Signal
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Received Signal in Time
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In this next example, consider using sine and cosine 
demodulation of cosine modulated signal s[n] where there is 
a delay.  In, particular, for the case where 

consider a delay of 5 samples (so that 25*Omega_1*D is 
almost pi/4) in the modulated signal.  

The following plots show the impact of a 5 sample delay on 
modulation and demodulation at four different carrier 
frequencies (but the same delay).  The different carrier 
frequencies will change the phase shift introduced by the the
delay, and generate different outputs from sine and cosine 
demodulation.   In particular, the carrier frequencies 
considered are 25, 50, 75 and 100 times Omega_1.
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Plot of s[n]



6.02 Spring 2009 Lecture 15, Slide #12

Plot of DFT Coefficients for s[n]

Note: 0.3*N for 
coefficient 0 and 
½*0.3*N for 
coefficients -5, -4,-3
and 3, 4, 5
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Cos25 Omega_1 n modulated s[n]

Note: ½*0.3*N for 
coefficient 25 and 
1/4*0.3*N for 
coefficients -30, -29,-
28, -22,-21, -20 and 
30, 29, 28, 22, 21, 20
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Plots of modulated s[n] and s[n-5] (note 
periodicity!)
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Cos25 Omega_1 n modulated s[n] after 5 
sample delay

Note impact of 
approximately pi/4 
phase shift (peaks are 
0.3*N* ½ *sqrt(2)/2 for 
real and imaginary 
part).
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Cos25 Omega_1 n demod after delay
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Sin 25 Omega_1 n demod after delay
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Cos50 Omega_1 n modulated s[n]

Note: ½*0.3*N for 
coefficient 25 and 
1/4*0.3*N for 
coefficients -55, -54, 
-53, -47,-46, -45 and 
55, 54, 53,47,46, 45
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Plots of Cos 50 Omega_1 n modulated 
s[n] and s[n-5] (note periodicity!)
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Cos50 Omega_1 n modulation after 5 
sample delay

Note impact of 
approximately pi/4 
phase shift (peaks are 
0.3*N* ½ *sqrt(2)/2 for 
real and imaginary 
part).

Note impact of 
approximately pi/2 
phase shift (peaks are 
0.3*N* ½  but are now 
in the imaginary part).
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Cos50 Omega_1 n demod after delay



6.02 Spring 2009 Lecture 15, Slide #22

Sin 50 Omega_1 n demod after delay
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Cos75 Omega_1 n modulated s[n]

Note: ½*0.3*N for 
coefficient 25 and 
1/4*0.3*N for 
coefficients -30, -29,-
28, -22,-21, -20 and 
30, 29, 28, 22, 21, 20
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Plots of s[n] and s[n-5] (note periodicity!)
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Cos 75 Omega_1 n modulated s[n] after 5 
sample delay

Note impact of approximately 
3pi/4 phase shift (peaks are 
0.3*N* ½ *sqrt(2)/2 for real 
and imaginary part, and 
opposite in sign from 25 
Omega_1 case.
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Cos75 Omega_1 n demod after delay
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Sin 75 Omega_1 n demod after delay
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Cos100 Omega_1 n modulation

Note: ½*0.3*N for 
coefficient 25 and 
1/4*0.3*N for 
coefficients -30, -29,-
28, -22,-21, -20 and 
30, 29, 28, 22, 21, 20
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Plots of s[n] and s[n-5] (note periodicity!)
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Cos 100 Omega_1 n modulation after 5 
sample delay

Note impact of 
approximately pi phase 
shift (peaks are 0.3*N* 
½ and real, but flipped 
in sign).
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Cos100 Omega_1 n demod after delay
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Sin 100 Omega_1 n demod after delay
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