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1. (5%) The sum of two or more sinusoids may or may not be periodic. Which of the following signal is
not periodic?
(A) x4, (t) = 2cos(2t) + 4sin(6mt)
(B) x,(t) = cos(6mt) + 7cos(30mt)
(C) x5(t) = cos(4mt) + 9sin(21nt)
(D) x4(t) = 3sin(4mnt) + 5cos(7nt) + 6sin(11mt)

(E) None of these
2. (5%) Which of the following signals is a power signal?
0, t<O0
Note that « is a positive constant and u(t) £ 1, t>0.

undefined, t=20
(A) x1(8) = e u(t)

(B) x5(t) = (a® + %)z

(C) x3(t) = 2cos(4mt + 21/3)
(D) x4 () = eIl

(E) None of these

3. (5%) Which of the filters with impulse responses given below is not BIBO stable? (« and f; are
positive constants.)

(A) hy(t) = exp(—alt)cos(2nfot)

(B) hy(t) = e~ tu(t) — e~ Dyt — 1)

(C) hs(t) =t %u(t — 1)

(D) hy(t) = cos2rfot)u(t)

(E) None of these

4. (5%) An FM modulator has output x.(t) = 100cos [Zﬂfct + 21f, fotm(a)da], where f; = 20
Hz/V. Assume that m(t) is the rectangular pulse m(t) = 4II [% (t— 4)], where TI(t) =

{1, It] <=

2 . Which of the following is correct?
0, otherwise

(A) For 0 < t < 8, the phase deviation is 80Trt.

(B) For 0 < t < 8, the frequency deviation is 40 Hz
(C) The peak frequency deviation is 40 Hz.

(D) The peak phase deviation is 1280m radians.

(E) None of these

5. (5%) In an AM modulator, efficiency is defined as the ratio of the power of the information-bearing
signal to the total power of the transmitted signal. Determine the efficiency of the AM modulator
having the output

x(t) = 40cos[2m(200)t] + 5cos[2m(180)t] + 5cos[2m(220)t].

(A) 50%
- (B)25%
(C) 13%
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D) 2%
(E) None of these

6. (5%) For the following signal, please determine the largest sampling interval T; such that aliasing
does not occur.
x,(t) = %sin(3nt)cos(2nt)
AT =
®B) Ts
©) T;

DT <
(E) None of these

I/\ l/\ /\
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7. (5%) Which descending order of the minimum bit- error -rate P, for the following modulation schemes
to send messages through the AWGN channel W1th = 10dB is correct? (1) BPSK; (2) QPSK; (3)

OQPSK; (4)16PSK; (5)8FSK; (6) BFSK; (7) MSK; (8)16QAM

AM=2)=B)=MN<BG)<® <@ <M
BM)=@2)=BC)=MN<®<B)<@B)<®
OM<@)=B)<(M<B)<(6)<(8)<(*)
DD =2)=B)=(7)>(6)>()>(®)>#)
ED=@2=0B)=M<@<BG)<® <M

8. (5%) The following figure shows a pair of signals s (t) and s, (t) that are orthogonal to each other
over the observation interval 0 < t < 3T. The received signal is defined by X(t) = s, (t) + w(t), k =
1, 2, where w(t) is white Gaussian noise of zero mean and a noise power spectral density (PSD) of
N, /2. Please calculate the average probability of symbol error for E; /N,y = 4, where E; is defined as
the signal energy.

si(t) sa(t)
1 1

0 t 0 t
3T &sT 3T

o]~
I
|

-1

@A) erfe
(B) % erfc(\/2)
(© erfe(D)

(D) erfc(v2)
(E) erfc(2v/2)
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9. (5%) Three signals are transmitted over AWGN channel with a noise PSD of N, /2. Three signals are
L,0<t<<
1, 0<t<T 2
0, otherwise.

s:(0) = { 20 ==ss0 =71, Tt <y

0, otherwise.
Which of the following statements is correct?
(A) The dimensionality of the signal space is 3

(B) P(error|s, transmitted) > P(error|s; transmitted)
(C) P(error|s, transmitted) = P(error|s, transmitted)
(D)P(error|s, transmitted) < P(error|s; transmitted)
(E) None of these is correct

=~ F&3EA

1.(15%) An SSB-AM signal is generated by modulating an 800 kHZ carrier by the signal m(t) =
c0s(2000mt) + 2s5in(2000mt). The amplitude of the carrier is A, = 100.
(A)(5%) Determine the signal #i(t), the Hilbert transform of m(t).
(B) (5%) Determine the time-domain expression for the lower sideband of the SSB-AM signal.
(C) (5%) Determine the magnitude spectrum of the lower-sideband-SSB signal.

2.(10%) Over an interval |t| < 1, an angle modulated signal is given by
@pm(t) = 10c0s(13000t).
It is known that the carrier frequency w, = 10000.
(A) (5%) If this were a PM signal with k,, = 1000, determine the message signal m(t) over the
interval |t] < 1.
(B) (5%) If this were a FM signal with ks = 1000, determine the message signal m(t) over the
interval [t| < 1.

3.(15%) In an AWGN channel with a noise PSD of N, /2, two equiprobable messages are transmitted
using S (t) and S, (t) defined in 0 < t < T with energies E; and E,, respectively. If p;, =
A0 find:

T EVE
(A) (5%) The structure of the optimal receiver, including the threshold expressed as functions of

Ey, E,, p12 and N,.
(B) (4%) An expression for the average error probability.
(C) (3%) An expression for the average error probability if the signals are orthogonal.
(D) (3%) An expression for the average error probability if the signals are antipodal.
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4. (15%) Consider a binary symmetric channel (BSC) as follows:
Polx)=1-p

e >< .
plx))=l-a x >
pnlx)=1-p
Determine the channel capacity C_ .
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