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I. 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) In AM radio broadcast, the information signal that is transmitted is contained in which
part of the carrier signal
a) Frequency
b) Phase
c) Amplitude
d) Frequency and phase
e) None of the above.
2) The message signal 7n(t) is used to generate the modulated signal u(t). The signals m(t)
and u(t) are illustrated in the following figure. What is the modulation scheme used in

this modulator?

message signal
m(t)

modulated signal
u(t)

a) FM modulation.
b) PM modulation.
c) DSB-SC AM modulation.
d) SSB-AM modulation.
e) None of the above.
3) Regarding to SSB-AM, which of the following statements is true?

a) The required transmission bandwidth of SSB-AM is larger than that of conventional
AM.

b) The SSB-AM can be demodulated by using an envelope detector.

¢) No carrier recovery circuit is required to demodulate the SSB-AM signal.
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d) The required transmission bandwidth of SSB-AM is smaller than that of DSB-SC
AM.
e) None of the above.
4) The spectrum M (f) of a message signal m(t) is given in the left part of the following
figure. The right part of the figure represents the spectrum of the modulated signal. Which
type of modulation is used?

M)

—T"V 0 I/;! f -1 0 £ f

a) SSB-SC AM

b) DSB-SC AM

c) FM

d) PM

e) None of the above.

5) A conventional AM signal is expressed as u(t) = A.(1+am,(t)) cos(2mf.t), where m,, ()
is the message signal and is normalized such that its minimum value is -1. Determine the
condition for this signal that makes it easy to be demodulated by an envelope detector.

a) a>1
b) a>1
c) a>2
d) a<l1
e) None of the above.

6) A quadrature-carrier multiplexing allows us to transmit two message signals m;(t) and

ma(t) on the same frequency. The transmitted signal can be expressed as

s(t) = my(¢) cos(2m fet) + ma(t) sin(27 fet).
Describe how to demodulate my(¢) from u(t). .
a) Use an envelope detector followed by a low-pass filter.
b) Multiply the received signal by sin(2x f.£) and then pass the signal through a low-pass

filter.

c) Multiply the received signal by cos(27 ft) and then pass the signal through a low-pass
filter.




s ERL 109 25 AL A H R

A ERRE AHBEX 4R F 3R
RAréay) WM IEEA-BWRLAE

d) Multiply the received signal by cos(2wf,¢) and then pass the signal through an
envelope detector.
e) None of the above.

7) Let S.(f) be the power-spectral density of a random process X (¢). Passing X (¢) through
a linear system with frequency response H(f) results the output random process Y (t).
What is the power-spectral density of Y (¢)?

a) X(t)H(f)

b) X®)H (I
o) Sx(fIH()I
d) |Sx(FPH(S)

e) None of the above.

8) Assume that a random process X (t) has a power spectral density of Sx(f) = Axrect (‘{7)

Determine the power of X(t).
a) AW
b) AW
c) AW?
d) A2
e) None of the above.
9) Assume that the power-spectral density of a white noise N(t) is Ny/2. The signal N ()
is passed through an ideal low-pass filter with frequency response

L |fl<W

H(f)= .
0 otherwise

Denote ¥ (t) as the resulting noise output. Determine the autocorrelation function of W (t).
a) 2W Npsinc(2W )
b) W Ngsinc(2W )
c) W Ngrect(2Wr)
d) WNysin(2WT)
e) None of the above.
10) Let the power-spectral density of the random process A (t) be Sp;(f). Determine the
power-spectral of the random process U (t) = A.M(t) cos(2m f.t).

a) & [S(f = fo) = Su(f + 1)
b) A2 [Su(f = o) + Sur(f + £)]
¢) A2[Su(f — fo) — Smlf + fo)]
d) 2= [Su(f — fo) + Sulf + f2)]
e) None of the above.
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II. 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)

2)

3)

(10 %) Comparison of A -ary FSK and M -ary PSK: Consider two digital communication
systems, the AM-ary FSK and the M-ary PSK. Under the same data rate and E,/Nj.
Describe how the bit error rate and bandwidth changed by increasing A.
(15 %) Let z(t) be a signal given by
o(t) = acos(2mn fot) + bsin(2anfot) 0 <t < Ty
o 0 otherwise
where Ty = 1/ f, n is a positive integer, and a, b are arbitrary real numbers.

a) (10 %) Show that cos(2mn fot) and sin(27n fot) for 0 < ¢ < Tj are orthogonal.

b) (5 %) Assume n and fy are known. Given z(¢), how to find the parameters a and b?
(25 %) Consider binary PAM signals. The signal waveforms are s;(t) = gr(t) and sa(t) =
—gr(t), where gp(t) is an arbitrary pulse which is nonzero in the interval 0 <¢ < T} and
zero elsewhere. In addition, the energy of gr(t) is Ey = JI° |gr(t)|dt. Let the received
signal be

r(t) = si(t) +n(t) fori=1,2

where n(t) is a zero mean white Gaussian noise with power-spectral density of Np/2.
a) (5 %) Find the basis functions and sketch the signal points (signal constellation).
b) (5 %) Design a Correlation-Type demodulator for the system.
c) (5 %) Determine the maximum likelihood detection rule.
d) (10 %) Determine the average bit error probability for the system.
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