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Problem 3.31

(a) The peak deviation is (14)(5) = 70 and fs = 10. Thus, the modulation index is 18 = 7.

(b) The magnitude spectrum, scaled to A., is the Fourier-Bessel spectrum of Figure 3.24
with §=T.

(c) Since 3 is not < 1, this is not narrowband FM. The bandwidth exceeds 2,
(d) For phase modulation, &, (5) =7 or ky = 1.4.
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Problem 3.3
Multiplying the AM signal

T (t) = Ae[1 + am ()] coswoct

by () = A, [1+am, (t)] coswt and lowpass filtering to remove the double frequency
(2we) term yields

yp () = Ae[1 + am (£)] cos 6 (£)
For negligible demodulation phase error, () = 0, this becomes
Yp (8) = A+ Acamy, (2)

The dc component can be removed resulting in A.amy, (t), which is a signal proportional
to the message, m (t). This process is not generally used in AM since the reason for using
AM is to avoid the necessity for coherent demodulation.
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Problem 3.13

(a) From Figure 3.72
2(t) =m () +coswet

With the given relationship between () and y (£) we can write

y(t) =4{m(t) + coswet} + 2 {m (t) + coswet}®
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Filter

Figure 3.5: Spectrum of sqrare-law device output

which can be written
Y (t) = 4m (t) + 4 coswet + 2m? (t) + 4m (t) cos wet + 2 + 2 cos et
The equation for y (t) is more conveniently expressed
y(t) =2+4m () +2m? (t) + 4[1 + m (t)] coswet + 2 cos At

(b) The spectrum illustrating the terms involved in y () is shown in Figure 3.5. The center
frequency of the filter is fc and the bandwidth must be greater than or equal to 21, In
addition, fo— W > 2W or fo > 3W, and fo+ W < 2f. The last inequality states that
fe > W, which is redundant since we know that f. > 31/

(c) From the definition of m () we have

m(6) = Mm, (t)
so that
9(8) =41+ 5Mm,, (¢)] cos(wet)
It follows that
a=01=5M

Thus

01
B
(d) This method of forming a DSB signal avoids the need for a multiplier.

M 0.02
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Problem 3.15
With
m(t) = 2cos(2m fint) + cos(4T funt)

the Hilbert transform of the message signal is
(t) = 25in(27 fimt) + sin(47 fmt)
Thus
ze(t) = %Ac [2c0s(27 fmt) + cos(47 fmt)] cos(27 fet) £
%Ac [25in(27 fint) + sin(47 fint)] sin(27 fot)
Performing the multiplication and letting A, = 4 gives

ze(t) = {2cos[2(fe + fn)t] + c0s[27(fe + 4Fm)t] + 2 cos2m(fe — frn)t] + cos2m(fe — dfm)t]} £
{-2cos[2m(fe + fm)t] — cosl2m(fe + 4fm)t] + 2 cos[27(fo — frm)t] + cos[2(fo — 4Fm)e]}

Note that with the + sign, the (fc + fm) and the (fc + 2fm) cancel giving LSB SSB. With
the — sign the (fe — fm) and (fe — 2fm) terms cancel giving USB SSB.
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Problem 3.18
Since high-side tuning is used, the local oscillator frequency is

fro=fi+ fir

where fi, the carrier frequency of the input signal, varies between 5 and 25 MHz.

ratio is
_fiet%

T fir+s
where frr is the IF frequency expressed in MHz. We make the following table

firMHz R
04 17
05 463
07 451
10 433
15 408
20 356

A plot of R as a function of fzr provides the required plot.

The
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Problem 3.24
‘The amplitude and phase spectra follow directly from the table of Fourier-Bessel coefficients,
or one can write a simple MATLAB program as was done here.. The single-sided magnitude
and phase spectra are shown The magnitude spectrum is plotted assuming

A





