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1. Short Questions

Answer the questions below by providing the most appropriate choice. Write down the correct
answer on your answer sheet. No explanations will be considered in grading this portion of the
exam. Each correct answer is worth 5 points (5%).

1. To combat the effects of aliasing in practice, which of the following methods is correct?

(a) Use a high-pass filter to attenuate the in-band noise.
(b) The signal is sampled at a rate slightly lower than the Nyquist rate.
(c¢) Reduce the signal amplitude so that aliasing effect can be reduced.

(d) Use a low-pass filter to attenuate those high frequency components of the signal
before sampling.

(e) None of the above.

2. A PAM system produces the signal s(t) = Yoo m(nT,)h(t — nT;), where T, is the
sampling period and m(t) is the message signal. Let H(f) be the Fourier transform of
h(t) and M(f) be the Fourier transform of m(t). Determine the Fourier transform of s(t).

() S() =% TR wH (f - £) M)

() S(f)=2 TR0 M (f-£)

(©) ()= % TR oM (f - £) H(f)
%)

(@) S(f) = % Tfeoo M (f — £) H(f) exp(j2rk T,
{e) None of the above.

® H(f), where ® denotes the convolution operator.

3. Let m(t) be the message signal and W be the bandwidth of m(t). The double-sideband
suppressed carrier (DSB-SC) amplitude modulation has the modulated signal u(f) =
Acm(t) cos(2n f.t). Let the received signal be () = u(t). Suppose we demodulate the
received signal by first multiplying r(¢) by a locally generated signal cos(27 f.t + @), and
then passing the product signal through an ideal low pass filter with bandwidth W. What
will happen when ¢ = n/27?

(a) The demodulated signal is zero.
(b) The demodulated signal has the maximumi signal strength.
(c) The demodulated signal has the best signal-to-noise ratio.
(d) The demodulated signal has large frequency components.
(e) None of the above.
4. For both FM and PM with sinusoidal message signal, we have u(t) = A,cos(2nf.t +

Bsin(2n fmt)). Let J,.(8) be the Bessel function of the first kind of order n. What is the
Fourier transform of u(¢)?

(a) 4 0o Jn(B) (8(f — nfm) + 6(f + nfm))
(b) Zn—--—oo Acdn(B) cos(2m(f + nfm))
(©) 5 T2 o In(B) (6(f — fo — nfm) + 6(f + fo+ nfm))

(d) En__oo AcIn(B) sin(2m(fe + nfm))
(e) None of the above.
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5. Determine the power spectral density of m(t) = a cos(2m fit).

(2) S8(f ~ fu) + 5O(f + fim)
(b) S8(f = fm) + S6(f + fm)
(c) $6(f = fm) + §0(f + fim)

(d) 0%6(f — fm) +06(f + fim)

(e) None of the above.

6. A digital communication system generates the transmitted signal u(t) = %2 ___ anh(t —
nT}), where ay, is an i.i.d. random process with P{a, = +1} = P{a, = —1} = 1/2, and
Ty is the symbol period. Define H(f) as the Fourier transform of h(t). Determine the
power spectral density of u(t). '

(a) 7H(f)
(b) ZlH(A)I
(c) TlH(f)?

(d) TLH(f)
(e) None of the above.

7. Let X(f) be the Fourier transform of z(t). Which of the following is a necessary and
sufficient condition for z(¢) to satisfy

(8) T2 X (f+B)=T
(b) EZu X (f+mT)=T
(©) T2 X (f+mT) =T
@ T2 X (f+2)=T
(e) None of the above.

8. A binary communication system has the received signal
r(t) =s(t)+n() for0<t<T
where s(t) is the transmitted signal with P{s(t) = sa(t)} = P{s(t) = sp(t)} = 1/2, n(?)

is the AWGN with power spectral density Ny/2, and T is the symbol period. Assume
that the ML receiver is employed. Determine the bit error rate.

(a) @ (,/2;]'\1,0 ), where d = [ |s4(t) — sp(t)|2dt
() @ (y/7)» where d = [T |sa(t) — sp(®)dt
(©) Q(y&), where d= [ lsa(t) - sp(0) P

@) Q (V%) where d = [T |sa(t) — su(t)[2dt
(e) None of the above.
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9. Two signal vectors are employed for a binary communication system which are given by

S = (+A, +A)
S = (+A, —A)
The received signal can be represented as
r=s+w

where P{s = s;} = P{s = s3} = 1/2 and w = [ws,w,] is a 2-dimensinal zero-mean
Gaussian noise vector with Ef|w;|?] = Ny/2 for i = 1,2 and Efw,w,] = 0. What is the
bit error rate for the optimum detector?

(=) Q%)

() Q (V%)

© Q(/5%)

@ @ (V&)

(e) None of the above.

10. Under the same signal-to-noise ratio, which of the following binary modulation techniques
has the best performance.

(a) Binary pulse position modulation.
(b) Binary frequency-shift keying.

(¢) On-off keying.

(d) Binary phase-shift keying.

(e) None of the above.
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I1. Long Questions

Give detailed derivations on the following questions. The grade of this portion depends not
only on the correct answers but also on the explanations and derivations. Therefore, explain
every detail as possible as you can.

1. (25%) Consider the case of binary PAM signal over the AWGN channel with received
signal
et =8+ w.
where s is the transmitted signal and w is the AWGN with variance Ny/2. The two

possible signal points are s; = —s; = /Ej, where Ej is the energy per bit. The prior
probabilities are P{s = s;] = p and P[s = s3] = 1 — p.

(a) (10 %) For the optimum detector, a threshold A can be used to make decision on the
transmitted signal. If r > A, the decision s = s; is made and if < ), the decision
§ = 89 is made. Determine the threshold ).

(b) (15 %) Given the optimum detector, what is the bit error probability?
2. (25%) The discrete sequence

rk=\/Ecck+nk,_fork=1,2,...,n

represents the output sequence of samples from a demodulator, where ¢, = +1 are ele-
ments of one of two possible codewords ¢; = [1,1,...,1}and c; = 1,1,...,1,-1,-1,..., -1].
The codeword c; is an all-one vector and ¢, has w elements which are +1 and n — w ele-

ments which are —1, where w is some positive integer. The noise sequence {ny} is white

Gaussian with variance o2.

(a) (10%) What is the maximum-lilelihood detector for the two possible transmitted
signals?

(b) (10%) Determine the error probability as a function of the parameter (o2, By, w).

(c) (5%) What is the value of w that minimizes the error probability?






