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1. (10%) A double-sideband amplitude modulation (AM) transmitted signal can be expressed as

u(t) =2[1+wsin2zt]cos(2z £t +4,),

where f, is the carrier frequency and ¢, is the phase. Can a simple envelope detector perfectly detect

the message of 7 sin 2zt ? Explain your answer.

2. (10%) A binary PSK demodulation and detection receiver with a carrier phase error ¢, is considered,

and the error probability can be expressed as

where Q(x) =—\/;=J- exp (Tujdu Assume that the probability density function (PDF) of g, is
ﬂ- X

4

1 E . . s .
e2* . Decide the expression for the average error probability in an integral form.

p(¢e) = \/ﬁ%

3. (25%) If two equiprobable messages of 5 (t) and s,(#) are transmitted over an AWGN channel with

the noise power spectral density of N, /2, the error probability can be expressed as

Pe=Q(,/2‘jv ]

where d* =Jm (sl(z‘)—sz(z‘))2 dt . Now, we further consider the case that s(f)=u(f) and

s, (t) =u(t—1), where u(f) is shown in Fig. 1. Answer the following questions.

(a). (10%) Plot the diagram of an optimal matched filter receiver for the system. Explicitly label the

required parameters.

(b). (5%) Decide the error probability for the system.
u(t—1)- with probability 0.5

) . . Determine the optimum
u(t)  with probability 0.5

(c). (10%) Considef 5,(®)=u(t) and s,() ={

detection rule.
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Fig. 1
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(20%) A carrier-modulated signal of x(¢) = a(f) cos (wct + 9(1‘)) can be transformed into an equivalent
baseband signal, as shown in Fig. 2.

If x(¢) =sinc (1 0° t) cos ( 271 OGt) +sinc (105 t) sin ( 271 061‘) , answer the following questions.
(). (10%) Decide the values of w,, a(f), and 8(¢).

(b). (10%) Determine x5(¢) and x4(¢)
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Fig. 2. Transform a passband signal to a baseband signal.

(15%) For a binary communication system shown in Fig. 3, the receiver obtains the two corrupted
signals, y1 and y»2, where two noises, n1 and na, are not necessarily Gaussian distributions. The
maximum a posteriori probability (MAP) receiver can be used to optimally detect the transmitted
signal s from the observed signals, y; and y», i.e., §= max p(s | 715 yz) . If n1 and n, are independent,
can the optimum decision be based only on yi (i.e., §= max p(sly, y2)=m?x p(s13))? Please

Jjustify your answer.
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(20%) Denote x(r) and y(f) as the two bandpass real signals, and x,(#) and y,(¢) are the

corresponding lowpass equivalents with respect to the carrier frequency f,. Thus, they have the
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following relations in frequency domain:
X()=3 X =)+ 3 6 1)
and
Y= -+ T f =),
where X (f), Y(f), X,(f),and Y,(f), are the frequency responses of x(1), y(®), x,(¢), and y, (1),
respectively.
(@. (15%) Assume X, (f-f,) ad Y (-f-f,) do mnot overlap. Show that
.[: x(O)y()dt = %Re { J: x, Dy, (t)dt} , where Re{X} represents the real part of the complex
number X. Hint: Use Parseval’s relation J: x(O)y(t)dt = f: X(NY (fHdf .

(b). (5%) Prove that the energy in a bandpass signal is just one-half the energy in its lowpass

equivalent.






