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M(f)
-W 0 w f
i Figure P-3.4

| is multiplied by the carrier

—

c (1) = 100 cos 27 fct

where f, =50 kHz. Determine and sketch the power-spectral density of the DSB

signal. 3
3.6 A DSB-modulated signal u(t) = Am(r) cos2m f.t is mixed (multiplied) with a ’

local carrier xi (1) = cos(2m fet + 6) and the output is passed through a LPF with

a bandwidth equal to the bandwidth of the message m(f). Denoting the power of 3
: the signal at the output of the lowpass filter by Po and the power of the modulated '
signal by Py, plot i';—?!u& as a function of @ for 0 < @ < 7.

377 An AM signal has the form

e i<

| u(t) = [20 +2cos 30007t + 10 cos 60007 1] cos 27 fot

where f, = 10° Hz.

1. Sketch the (voltage) spectrum of u(t).

2. Determine the power in each of the frequency components.
! 3. Determine the modulation index.
4.

Determine the power in the sidebands, the total power, and the ratio of the
sidebands power to the total power.

LSy

3.8 A message signalm(f) = cos 20007 ¢ +2 cos 40007 ¢ modulates the carrier c(f) =
100 cos 27 f.t where f. = 1 MHz to produce the DSB signal m(t)c(?).

1. Determine the expression for the upper sideband (USB) signal.
2. Determine and sketch the spectrum of the USB signal.

3.9 A DSB-SC signal is generated by multiplying the message signal m(f) with the
periodic rectangular waveform shown in Figure P-3.9 and filtering the product
with a bandpass filter tuned to the reciprocal of the period T), with bandwidth
2W, where W is the bandwidth of the message signal. Demonstrate that the output
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The bandpass filter has a bandwidth of 2W centered at fj and the lowpass filter
has a bandwidth of W. Plot the spectra of the signals x (), y;(¢), y2(¢), y3(¢), and
v4(t). What are the bandwidths of these signals?

3.19 The system shown in Figure P-3.19 is used to generate an AM signal. The
modulating signal m(¢#) has zero mean and its maximum (absolute) value is
A,, = max |m(t)|. The nonlinear device has a input—output characteristic

y(t) = ax(t) + bx*(t)

1. Express y(t) in terms of the modulating signal m(¢) and the carrier c(1) =
cos 2w f,t.

2. What is the modulation index?

3. Specify the filter characteristics that yield an AM signal at its output.

mit) x(1) Nonlinear ¥ Liness u(r)
—>®—> memoryless > filter mignal

T system

c(f)y=cos (2mfyt)

Figure P-3.19

3.20 The signal m(t) whose Fourier transform M ( f) is shown in Figure P-3.20 is to
be transmitted from point A to point B. It is known that the signal is normalized,
meaning that —1 < m(¢) < 1.

M(f)

— 10,000 10,000 i

Figure P-3.20

1. If USSB is employed, what is the bandwidth of the modulated signal?
2. If DSB is employed, what is the bandwidth of the modulated signal?

3. If an AM modulation scheme with a = 0.8 is used, what is the bandwidth
of the modulated signal?
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3.31 The carrier c(¢) = 100cos 27 f.t is frequency modulated by the signal m(r) =
5 cos 200007 ¢, where f. = 10® Hz. The peak frequency deviation is 20 kHz.

1. Determine the amplitude and frequency of all signal components that have
a power level of at least 10% of the power of the unmodulated carrier

component.
2. From Carson’s rule, determine the approximate bandwidth of the FM signal.

3.32 The carrier c(f) = Acos 2 1087 is angle modulated (PM or FM) by the sinusoid
signal m(t) = 2 cos 20007 . The deviation constants are k, = 1.5 rad/V and k; =
3000 Hz/V.

1. Determine 8 and B,

2. Determine the bandwidth in each case using Carson’s rule.

3. Plot the spectrum of the modulated signal in each case (plot only those
frequency components that lie within the bandwidth derived in part 2.)

4. If the amplitude of m(r) is decreased by a factor of two, how would your
answers to parts 1-3 change?

5. If the frequency of m(r) is increased by a factor of two, how would your
answers to parts 1-3 change?

3.33 The carrier c(f)=100cos2mf.t is phase modulated by the signal m(r)=
5c0s2000r. The PM signal has a peak-phase deviation of m/2. The carrier
frequency is fc = 10® Hz.

1. Determine the magnitude spectrum of the sinusoidal components and sketch

the results.
2. Using Carson’s rule, determine the approximate bandwidth of the PM signal
and compare the results with the analytical result in part 1.

3.34 An angle-modulated signal has the form
u(t) = 100 cos[2m f.t + 4sin 27 fint]
where f, = 10 MHz and f = 1000 Hz.
1. Assuming that this is an FM signal, determine the modulation index and the
transmitted signal bandwidth.
2. Repeat part 1 if f,, is doubled.
3. Assuming that this is a PM signal determine the modulation index and the
transmitted signal bandwidth.
4. Repeat part 3 if f,, is doubled.
3.35 It is easy to demonstrate that amplitude modulation satisfies the superposition

principle, whereas angle modulation does not. To be specific, let m () and ma(t)
be two message signals, and let u;(¢) and u>(t) be the corresponding modulated

versions.

Pi
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