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1) Problem 1 (20%)

a) (10%) Given an output signal from an AM miodulator as
u(t) = 4 cos(160mt) + 8 cos(2007t) + 4 cos(2407t).

determine the message signal m(t) and the carrier ¢(t).
b) (10%) Assume a DSB-SC modulator has a carrier signal as

c(t) = 20 cos(27 f,t).

If the message sigﬁal is
m(t) = sinc?(2t),

determine the spectrum and the bandwidth By of u(t).

2) Problem 2 (30%)

a) If carrier signal is ¢(t) = 10cos(2nf.t), message signal is m(t) = 20cos(20xt), and the
message signal is used to frequency modulate the carrier with a frequency deviation constant
ks = 100. '

(10%) Determine modulafed signal u(#) and modulation index Sy.
(5%) Determine average power P, of carrier signal ¢(f).
(5%) Determine the bandwidth of modulated signal B,.

b) (10%) Given that a superheterodyne FM radio receiver operates in a frequency range of 88

MHz to 108 MHz. Assume required IF frequency is fip = 10 MHz. What is the range of

local oscillator frequency fro at the receiver?

3) Problem 3 (20%)

Consider a phase-modulated signal as

u(t) = 10 cos [2m fet + 4 cos(2007t)],

where carrier frequency is f. = 1 MHz and phase deviation constant is &, = 10.
(5%) Determine the message signal m(t).

(5%) Determine the modulation index [3,.

(5%) Determine the average power P, of the carrier signal ¢(t).

(5%) What is the bandwidth of modulated signal B.?




g 107 BRI AR 3R R FEE S R

% Fi- TEHEER
FHEA - BEhR%

E2H % 2 H , N
% ZASEE  AREFTEEER . FRERECIFE PREAREREIEEE  FTst0 -

4) Problem 4 (15%)
Given a FM modulated signal with frequency deviation constant &y and message signal m(t)
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as
t

u(t) = A. cos [2mfet + 2mky / m(T)dT].
a) (10%) It [27rlc I f_too 771(7)th < 1, show that the FM modulated signal can be approximated
by
t
Agcos(2mfet) — A2mky sin(2w fet) / m(r)dr.
—00

b) (5%) The FM modulated si onal can be rewritten as
u(t) = Accos(2m fet) — Acm(t) sin(27 fot).

If it passes through a mixer demodulator with its local carrier —2 sin(27 f.t), as shown in the

figure below. What is the output signal y(t)?

u(?) C (1) Low-pass y(t)
filter
—2sin(27 fet)

L]

5) Problem 5 (15%)
Assume that DSB-SC modulated signal is u(t) = A.mn(t)cos(27f:t) and a coherent receiver is

shown as follows:

y(t)
a—

u() + nt)

i . i
Band-pass a( ); Amplitude o )‘ Low-pass

filter | demodulation filter

where the bandwidth of received bandpass signal u(t) + n(t) is 2V, the bandwidth of bandpass
filter is By and that of the low-pass filter is Br. Assume Br > 21V and By, > W, the power of
the baseband signal is Py, and the noise is a white Gaussian noise with power spectral density
Ko,
(5%) Determine the signal after AM demodulation v(t).
(5%) Determine the output signal y(t).

(5%) Determine the output SNR.




