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PROBLEMS

P7.1 Amplitude Modulation

Problem 1 Consider the messagesignal

met) = 20 cos(2nt) volts

and the carrier wave

c(t) = 50 cos(1oont) volts

(a) Sketch (to scale) the resulting AM wave for 75% modulation.
(b) Find the power developed across a load of 100 ohms due to this
AM wave. .

Problem 2 A carrier wave of frequency 1 MHz is modulated 50% by a
sinusoidalwaveof frequency5 kHz. The resultingAM waveis transmitted
through the resonant circuit of Fig. P7.1, which is tuned to the carrier
frequencyand has a Q factor of 175.Determine the modulated waveafter
transmission through this circuit. What is the percentage modulation of
this modulated wave?

Problem 3 Using the messagesignal

t
met) = 1 + t2

determine and sketch the.modulated wave for amplitude modulation whose
percentage modulation equals the following values:

(a) 50%
(b) 100%
(c) 125%
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Problem 4 For a p-n junction diode, the current i through the diode and
the voltage v across it are related by

where 10is the reverse saturation current and VT is the thermal voltage
defined by

VT = kTe

is modulated 50% by a
AM waveis transmitted
is tuned to the carrier

le modulated wave after
:rcentage modulation of

where k is Boltzmann's oonstant in joules per degree Kelvin, T is the
absolute temperature in degreesKelvin, and e is the charge of an electron.
At room temperature VT = 0.026V.

(8) Expand i as a power series in v, retaining terms up to v3.
(b) Let

r 75% modulation.
f 100 ohms due to this

v = 0.01 oos(21[fmt) + 0.01 oos(21[fet) volts

where f m = 1 kHz and f e = 100 kHz. Determine the spectrum of the
resulting diode current i.
(c) Specify the band-pass filter required to extract from the diode cur-
rent an AM wavewith carrier frequency fe.

(d) What is the percentage modulation of this AM wave?

Problem 5 Supposenonlinear devicesare availablefor whichthe output
io and input voltage Vjare related by

)litude modulation whose
es:
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where at and a3 are constants. Explain how these devices could be used
to provide an amplitude modulator.

the ring modulator output
fundamental frequency of

Problem 6 Consider the amplitude-modulated wave of Fig. P7.2 with a
periodic triangular envelope. This modulated wave is applied to an en-
velope detector with zero source resistance and a load resistance of 250
ohms. The carrier frequencyfe = 40 kHz. Suggest a suitable value for the
capacitor C so that the distortion (at the envelope detector output) is
negligible for frequencies up to and including the eleventh harmonic of the
modulating wave.

Problem 12 Consider a r
Fig. P7.3. The message be
a product modulator, toget
the DSBSC modulated wa
a coherent detector. Assu
waves in the modulator ar
tector output when: (a) th
carrier frequency fe = 0.7.
which each component of 1

by m(t)?

P7.2 Double-Sideband Suppressed-Carrier Modulation

Problem 7 Consider the DSBSC modulated wave obtained by using the
sinusoidal modulating wave

The phase angle </J,denoting the phase difference between c(t) and m(t)
at time t = 0, is variable. Sketch this modulated wave for the following
values of </J:

(a) </J= 0
(b) </J= 45°
(c) </J= 90°
(d) </J= 135°

Problem 13 A DSBSC w
detector.

(a) Evaluate the effect
frequency of the detecto
of the incoming DSBSC
(b) For the case of a sil1
this frequency error, th.
frequency. Illustrate yc
wave.

m(t) = Am cos(2nf mt)

and the carrier wave

c(t) = Ae cos(2nfet + </J)

Comment on your results.

Problem 14 Consider a

herent carrier Ae cos(2nfe'
composite wave is applied 1

. detectoroutput. Evaluate

(a) </J= O.
(b) </J¥ 0 and Im(t)1~Problem 8 A sinusoidal wave of frequency 5 kHz is applied to a product

modulator, together with a carrier wave of frequency 1 MHz. The m~d-
ulator output is next applied to the resonant circuit of Fig. P7.1. Determme
the modulated wave after transmission through this circuit.

Problem 9 Using the message signal m(t) described in Problem 3 deter-
mine and sketch the modulated wave for DSBSC modulation.

Problem 10 Given the nonlinear devices described in Problem 5, explain
how they could be used to provide a product modulator.

Problem 11 A message signal m(t) is applied to a ring modulator. 'J!t~
amplitude spectrum of m(t) has the value M(O) at zero frequency. Fm FigureP7.3
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the ring modulator output at f = zf.. z3f.. z5fe, . '. . , wherefe is the
fundamental frequency of the square carrier wave c(t).

Problem 12 Consider a messagesignalm(t) with the spectrum shownin
Fig. P7.3. The message bandwidth W = 1 kHz. This signal is applied to
a product modulator, together witha carrier waveAe cos(2nf et),producing
the DSBSCmodulated waves(t). This modulated wave is next applied to
a coherent detector. Assuming perfect synchronismbetween the carrier
waves in the modulator and detector, determine the spectrum of the de-
tector output when: (a) the carrier frequency fe = 1.25 kHz and (b) the
carrier frequency fe = 0.75 kHz. What is the lowest carrier frequency for
whicheach component of the modulated waves(t) is uniquelydetermined
by m(t)?

i:

Problem 13 A DSBSC wave is demodulated by applying it to a coherent
detector.

(a) Evaluate the effect of a frequency error L1f in the local carrier
frequency of the detector, measured with respect to the carrier frequency
of the incoming DSBSC wave.
(b) For the case of a sinusoidal modulating wave, show that because of
this frequency error, the demodulated wave exhibits beats at the error
frequency. Illustrate your answer with a sketch of this demodulated
wave.

Problem 14 Consider a composite wave obtained by adding a nonco-
herent carrier Ae cos(2nfet + cjJ)to a DSBSCwave cos(2nfet)m(t). This
composite wave is applied to an ideal envelope detector. Find the resulting

. detector output. Evaluate this output for

(a) cjJ= O.
(b) cjJ oF 0 and Im(t)1~ Ae/2.
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Figure P7.3


